A ROWSE MUIR PUBLICATION 


uclear Power 


ACTORS - MATERIALS «: INSTRUMENTATION ° PROCESSES -: IRRADIATION 


Materials 
in atomic energy 


Also in this issue: 
Jason operating experience 
Irradiation techniques 





mber 1960 monthly 3/6 





MIRRLEES, BICKERTON AND DAY LIMITED 
HAZEL GROVE ' STOCKPORT : CHESHIRE 


SS 


~ 


A member of the Hawker Siddeley Group 


Telephone : Stepping Hill t1ooo (15 lines) Telegrams : “Mirrlees Telex, Manchester” ({€ 12 


Circle No 1 on reply card for further details NUCLEAR POWER December 1960 


VOL ° 


MANAG! 
EviTOR! 


EDITO 
ASSISTA 
TECHNIK 
NEWS I 


EDITOR! 


INSTRL 
PHYSIC 
METALL 


ISOTOPT 


MANAG’ 


ASSIST 


SOUTHI 


CLASSI 





























































VOL5 NO 56 DECEMBER 1960 


MANAGING DIRECTOR A. Hi. David Rowse, Ma 
Caldwell Davidson, 
MSC(ENG), DIC 


EDITORIAL DIRECTOR 


EDITORIAL 
EDITOR John W. Woodeson, BA, BSC(ENG) 
ASSISTANT EDITOR J. Spencer Burkett, FLA 
TECHNICAL EDITOR David Igguiden, BSC 
NEWS EDITOR Sidney Hollands, BLOM 
EDITORIAL ASSISTANT M. E, Wilson 

CONSULTANTS 
INSTRUMENTATION Denis Taylor, PHD, MIEE, FIP 
PHYSICS James F,. Hill, Bsc 
METALLURGY Prof. J. G. Ball, BSc, FIM 
ISOTOPES A. G. Maddock, MA, PHD, DIC 


INDUSTRY GUIDE AND DIGEST NUMBER 


ED TOR Charles E. Steiner 
PRODUCTION 

MANAGER Gerald Vane, BA (CANTAB) 

CHIEP DESIGNER Gerald Withers 

LAYO.T AND TYPOGRAPHY A. E, Hammond 
CIRCULATION 

MANAGER J. W. Rotheroe, BS<(ECON) 

ASSISTANT B. W. Stapley 

ADVERTISEMENTS 
DIRECIOR Harrv T. Kane 
MANAGER John Abram 


SOUTHERN REPRESENTATIVE Stuart C. Smith 


CLASSIFIED ADVERTISEMENTS H, T. Brown 


MANCHESTER OFFICE 
Barry Gibbs 
72 Market Street, Manchester 2 


tel: Blackfriars 4058 
Blackfriars 1919 


NEWCASTLE OFFICE 
Peter Doig 
17 Westgate Road, Newcastle 1 
tel: Newcastle 24266 


PARIS OFFICE 
M. B. Lebovic & G. Leterrier, 
36 rue du Fer-a-Moulin, 
Paris Seme, France 
tel: POR 53-39 


U.S. OFFICE 
Walter J) Masterson, Jr 
Bor 2m Essex, Conn tel: South 7-1838 


HEAD OFFICE 


The Rowse Muir Building, 
77-79 Charlotte Street, 
London, W.1, England 

tel; Museum 8252 
ibles: ROWSEMUIR LONDON 


NUCLEAR POWER is published by Rowse 
Muir Publications Ltd, and printed by The 
Haycock Press Ltd, SES. The entire contents 
are protected by copyright in Great Britain and 
by the Universal Copyright Convention but 
matier may be reproduced provided that due 
acknowledgment is made to NUCLEAR POWER. 
Subscriptions to publishers Rowse Muir Publica- 
tions Lid. Single copies UK and overseas 3/6, 
US and Canada 75ce. One year’s subscriptions 
UK and overseas £2.2.0. USA and Canada 
$8.00. Three years’ subscriptions UK and over- 
seas £5.0.0, USA and Canada $20.00. 


Nuclear Power 


MATERIALS 





SPECIAL FEATURES 


AEC financial report for 1960 


MATERIALS IN ATOMIC ENERGY 
Absorbers, Fuels, Cladding, Moderators, Coolants, Shielding and Components 
Progress in the nuclear industry has developed very largely into a struggle 
to find new materials and force old ones into new uses. Under the editorship 
of Professor J. G. Ball, experts have summarized current knowledge and 


future prospects in a 12-page survey 


Irradiation techniques 


The first of 


of fuels 


Atomic Energy Establishment—Winfrith 
Basic research by the UKAEA on power reactor systems is gradually being 


concentrated at Winfrith. Mr J. S. Burkett surveys the present facilities 97 


1 series by Mr O 


Jason operating experience—1 


Hawker 


Siddeley’s university reactor, 
criticality recently. 


subsequent experiments 


Detecting liquid metal levels 


Developed for the Dounreay fast reactor 
levels is described by 


measure 


A new code for reactor pressure plant 


Lloyds 


Xenon poisoning during two-shift operation 

Nuclear power stations must eventually operate on part load. This will 
xenon override and Dr D. L. 
carried out on English Electric’s analogue computer 110 


need extra 


Register 
since 1957 


Index to Nuclear Power Volume 5 


REGULAR FEATURES 


Progress in industry 


Component fabrication for Hunterston, bellows production, Battelle’s plu- 


tonium laboratory, etc. 


Letters 69 
Editorial va 
Worldview 73 
Cross-Section Gracchus 106 
Points from Papers 109 
Students’ Notebook 114 


LOOKING FOR A JOB? SEE PAGE 


RM ROWSE MUIR PUBLICATIONS LIMITED, LONDON, 


NSTRUMENTATION — PROCESSES - IRRADIATION 


S. Plail of AERE, Harwell, describes the 
evolution of some of the experimental techniques developed for the testing 


based on the Argonaut, reached 
Mr B. Emmerson details the approach to criticality and 


, a method using eddy currents to 


Mr A. Stead and Mr F. G. Latham 107 


of Shipping issues revised recommendations, the first 


150 AND ONWARDS 





78 


79 


91 


102 


108 





| 
; 
Booth presents an analysis 


after page 162 


115 
New Product Survey 118 
Business News 122 
Diary 124 
Industrial Literature 124 
People 126 
Book Reviews 128 





ENGLAND 
3 


A 





M.S.2 Speed Frame incorporating Warner 1000 Clutch in the main drive. 
Photograph by courtesy of Dobson & Barlow Ltd., Bolton. 


vege ecctuat | WARNER 
Clutches control rotating f 


drives instantaneously, 
smoothly, and without 
strain. Push-button ten- 
sioning, positioning, index- et 
ing and rapid cycling—by — = 
electro-magnetic friction BRAKES & C LUTGH ES 
coupling. Cycle rates are 
outside the capacity of any 

other type of clutch or 
brake. 

Write for Warner brochure. 


ST. HELEN'S AUCKLAND - CO. DURHAM 
Phone: West Auckland 551 (6 lines) Grams: Solenoid, West Auckland 


LONDON: 
2 Ashley Place, Carlisle Place, London, S.W.1 Phone: Victoria 7301/2 


BIRMINGHAM: 
Silhill House, 2241 Coventry Road, Sheldon, Birmingham 26. 
Phone: Sheldon 5121/2 
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Kani SOM int 


non-porous corrosion-resistant 







plate, gives complete uniform 


coverage even to the 





most intricately 
shaped parts. 
"Thickness can be conwelled 
to fine limits. Being chemically 
deposited Kanigen can 







ae be applied to 


non-conductors 


Approved under DTD 900/4505 and ARB A1/5112/57. Already widely used 
throughout industry including aircraft and nuclear applications. Kanigen 


M is the registered trade mark of Albright & Wilson (Mfg) Ltd. 

nd For full information write to: 
ALBRIGHT & WILSON (MFG) LTD 

1/2 Kanigen Department (NP) 


1 KNIGHTSBRIDGE GREEN - LONDON SW1: TEL KENSINGTON 3422 


eaw/701 
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Specially developed steels — for the nucleonics industry 


Colvilles pride themselves in being abreast of every development in the nuclear 
field. Their range of Special Steels has been developed to that purpose. 


DUCOL W.30 ABRAZO COLMO COLCLAD CORTEN COLTUF 


High Tensile Abrasion Creep Stainless High Strength Notch 

Weldable Resisting Resisting Nickel & Corrosion Tough 

Steel Steel Steel Monel Clad Resisting Steel 
Steels Steel 


COLVILLES 


FITNESS FOR PURPOSE STEELS 





COLVILLES LTD 195 West George Street Glasgow C.2 
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Wherever information on fluid flow is required, 


the de Havilland POTTERMETER 


sets new standards of accuracy and reliability 








) 
AN Pottermeter is a product of the 
engineering teams which have been re- 
sponsible for the design, development and 
manufacture of de Havilland propellers 
and of the Firestreak guided weapon. 


Write now for further details to: 
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This new turbine-type flowmeter enables major advances to be made 
in the techniques of flow measurement and control. The de Havilland 
Pottermeter is the only flowmeter which offers all these features: 


Contains only one moving part—no thrust bearings — operates with a minimum of 
maintenance at high temperatures and pressures 


Accuracy to + 0°1% or better on repetition work, + 0-5% or better over a 20-1 range. 
Calibration remains constant for a variety of liquids over wide flow ranges. 


No larger than the pipeline in which it is installed —may be mounted in any attitude. 


Can be supplied with indicating, recording and process control equipment — gives 
digital presentation of results. 


Can measure volumetric or mass flows. 


Models available to measure flows from 0-1 to 40,000 Imperial gallons per minute, at a 
wide range of operating pressures. Larger and smaller sizes made to order. 


Can measure flow of any liquid or gas, irrespective of its lubricating or 
non-lubricating properties, at temperatures ranging from —455°F to 1500°F. 


Manufactured as standard in stainless steel—can be made in any non-magnetic material. 


Rapid response rate permits transient flow studies. 


THE DE HAVILLAND AIRCRAFT CO. LIMITED 


HATFIELD, HERTS 
Member Company of the Hawker Siddeley Group 
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Light allovs in all wrought forms 
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BIRMETALS LIMITED 


KY 


The large scale production of the special magnesium alloy used 
to make the fuel element cans for Calder Hall was the result of 
collaborative experimental work by Birmetals Limited and the 
United Kingdom Atomic Energy Authority. 


Similar collaboration between Birmetals, the U.K.A.E.A. and the 


commercial constructors of nuclear power plants is ensuring con- 


tinued development in this and other allied metallurgical fields. 


WOODGATE WORKS ' BIRMINGHAM 32 


J 
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ANALOGUE 
SPEGIALS 


A special analogue computer, tailored to your specific requirements, High computing accuracy 

can be the answer to a tight budget or a simulation problem unsuit- Precision digital voltmeter programming. 
able for a general purpose computer. Precision linear computing elements—or provision for 
When you order a Solartron Special, all the resources of the Solar- patching all computing components externally 

tron Electronic Group are available—the unrivalled experience High-accuracy non-linear capabilities 

acquired by skilled personnel at the Solartron Computer Centre in Comprehensive control and repetitive operation facilities 
evaluating a wide variety of problems; also the immense technical Precision system reference power supplies 

knowledge gained in the establishment of a range of Standard Com- Simple extension of problem-handling capacity 









puters. A Special not only has the advantage of being designed to A Solartron Special can be engineered from standard modules, 

deal with your particular problem, but it also incorporates all the quickly, and at a very competitive price. If you have a problem 
® features which have made the Solartron SPACE Computer range why notdiscuss it with Solartron Applications Engineers NOW ? 
; invaluable to industry: Write or phone: 


2 


THE SOLARTRON ELECTRONIC GROUP LIMITED 


& A Member of the Firth Cleveland Group VICTORIA ROAD, FARNBOROUGH, HANTS. Telephone: Farnborough (Hants.) 3000 
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This decision has been made 21 times and in 12 languages 
by representatives of universities, atomic energy commis- 
sions and research institutes charged with the selection 
of the best research or training reactor for their needs. 
While the claim of leadership based on quantity of output 
is often a hollow boast, in reactor technology and construc- 
tion it has extraordinary significance. 

Each new reactor or modification has explored unknown 
areas of performance and manufacture. Experience gained 
in shrinking these areas literally cannot be duplicated. To 
your needs AMF brings unique knowledge covering design, 
development, fabrication, engineering-construction and 


International Group 


American Machine & Foundry Company 


AMF Building * 261 Madison Avenue « New York 16, N. Y. 


Overseas plants and offices 


BOLOGNA + CARACAS + GENEVA + LONDON + MEXICO 


“Wir haben AMF gewahit” 


EEA aptr ety A.M. F 


“Abbiamo scelto AMF” “Wee chose AMF" 


start-up of pool, heavy and light-water tank, and special 
purpose reactors. 

AMF’s record starts with the Battelle Memorial Insti- 
tute’s pool-type reactor, in operation since 1956, the pio- 
neering effort in research reactor standardization. The 
roster of AMF design and fabrication innovations, all of 
them developed to meet special customer needs, is un- 
matched. 

AMF utilizes its vast mechanical experience in the 
production of a wide range of reactor components and 
auxiliary equipment, including: Reactor servicing equip- 
ment e Control rod drive assemblies e Standard and heavy- 
duty manipulators. 


CITY + SAO PAULO + STOCKHOLM + SYDNEY + TOKYO 





231 R ANALOG COMPUTER 


8 CHANNEL RECTILINEAR RECORDER 
1100 E VARIPLOTTER 


» 


ey RL > a 26.070 DIGITAL VOLTMETER 
3033 B DATAPLOTTER Wee. 
\ 


_ ~ \ 


pace} IN INSTRUMENTATION 


; eneral Purpose Analog Computers, now offers European industry 
a complete line of PACE Instruments to help solve all types of Computation, Data Handling and Instrumentation problems. 


The high quality of PACE Equipment is guaranteed by Electronic Associates’ reputation and experience as the leading 
producer of Analog Computers for over eight years : 


The above photo shows several of the PACE line of Instruments which are available 


231R ANALOG COMPUTER. Newest addition to the world famous line of PACE Analog Computers. 
Capacity : 20 to 100 amplifiers and related nonlinear equipment. 0.01 % precision. Manual 
or Digital Potentiometers. Optional ADIOS system (Automatic Digital Input Output System). 
TR-10 TRANSISTORIZED DESK ComPUTER. Capacity 20 amplifier and nonlinear units. Precision 0.1%. 
Compactness, low power consumption and low voltage levels makes this an ideal nucleus 


for on-line computation of process control applications. Useful in laboratory and educat- 
ional 1nstitutions. 


DATAPLOTTER, TYPE 3033 B. For high speed conversion and plotting of digital input information 
into analog graphs. Point or Continous line plotting. Speed 60 points per minute. Precision : 
0.05%. Works from IBM cards, paper tape and manual keyboard. 


8-CHANNEL RECTILINEAR RECORDER. Accurate and high speed recording oscillograph. Includes chop- 


per stabilized amplifier, push button chart speed and sensitivity control and heated stylus 
recording. 


MODEL 1100E VARIPLOTTER. X-Y plotter for Computer and general laboratory use. .075 % Static 


Accuracy. With wide range of input sensitivities and vacuum holddown. Can also be used 
as function generator. 


MODEL 26.070 TRANSISTORIZED DIGITAL VOLTMETER. A general purpose readout instrument for high 

TA-10 TRANSISTORIZED speed digital readout of analog voltages. Average speed * 200 readings per second. Accu- 

ins Recomm racy :0.01 % Includes reference and power supplies. Can be operated with EAI model 
39.034 high speed Printer. 


Skilled sales and application engineers from Electronic Associates stand ready to assist Eu- 
ropean industries of all types in solving their systems and instrumentation problems. 


DETAILS OF OUR COMPLETE LINE OF PACE COMPUTERS AND INSTRUMENTS WILL BE SENT UPON REQUEST. 


MANUFACTURERS OF IPIAIS IE} 
ELECTRONIC ASSOCIATES LIMITED 


A Subsidiary of Electronic Associates Inc. Head Office and Factory, Burgess Hill, Sussex. Telex: 8750. Telephone: 2636 
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HIGH TEMPERATURE 
SELF-SEALING COUPLINGS 












Designed initially for use with oil-fired furnaces to permit 
the servicing or changing of burners without shutting off 
the fuel supply. 














As is usual with Lockheed-Avery couplings, each half- 
coupling seals when disconnected, and provides a clear flow 
when re-coupled. 





For operating temperatures up to 180°C, and intermittent 
peaks of 250°C. For pressures up to 1500 p.s.i. 


Illustrated pamphlet on application. 


AVERY DIVISION, LOCKHEED PRECISION PRODUCTS LIMITED 
SHAW ROAD, SPEKE, LIVERPOOL 24 
Telephone: Hunts Cross 2/21 Telex: 62394 Telegrams: Lockheed Liverpool 24 
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The A.W.E. Analogue to Digital Converter, 
type A.D.C.1., by performing up to 55,000 
conversions a second, prevents bottlenecks 
caused by lack of speed—the main drawback in 
incorporating such converters in a system. An 
8-bit binary converter, the A.D.C.1. provides a 
reliable link between the two forms of signal. 

Transistors are used throughout the unit to 
ensure resistance to shock and vibration, and 
plug-in boards allow rapid and easy servicing. 


THE A.W.E. ANALOGUE TO DIGITAL CONVERTER 





% Extremely High Speed 

> mai) di o)icm-lalemat-iit-lel i= 

% Low Power Consumption 
% Fully Transistorized 

% Suitable for Rack Mounting 
% Easy Servicing 


Specifications include provision for both serial and 
parallel digit outputs and for external sample and 
digit drive. The accuracy of the unit is + } the 
least significant digit + 0.25% over a tempera- 
ture range of o-40°C. Units can be supplied to 
accept analogue inputs whose scale factors range 
from o-6V to 0-60V. Total power consump- 
tion is only 11 watts from a nominal 230V 
supply. Overali dimensions of the unit are 19 ins. 
X 10.5 ims. X I2 ins. 





* W.G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED., A MEMBER OF THE HAWKER SIDDELEY GROUP 
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Mullard 


GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 





MULLARD LIMITED Government and Industrial Valve Division 
Mullard House Torrington Place - London - WC1 Telephone: LANgham 6633 
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The 56AVP Photomultiplier is acknowledged to be the most advanced of its kind in 
the world. The width of the output pulse delivered by the 56AVP is as little as 2 
millimicroseconds at half height, and the rise time is of the same duration. Another 
exceptional characteristic of this most exceptional photomultiplier is a high peak 
output current of 1A, linear up to 300 mA. 


A remarkable range of Photomultipliers 


The 56AVP is, in fact, an outstanding member of a distinctly outstanding range — the thirteen 
Mullard photomultiplier tubes, all of them providing unsurpassable performances, some of 
them unequalled in the world. 

This range covers the spectrum from ultra-violet to near infra-red and three of the tubes 
incorporate a unique focused dynode system, providing their excellent transit time spread 
and rise time. 

These tubes were introduced only after the most intensive development programme. In 
particular, the construction, arrangement and mounting of the secondary cathodes have been 
the subject of exhaustive studies aimed at producing a multiplier system giving a high current 
gain, minute dark current and minimum variation of electron transit time. 


For so many applications 


Employment in scintillation counting and gamma spectroscopy are but two of a very broad 
range of applications in which these tubes are used. 


There is so much to be said... 


about the 56AVP and the other twelve tubes in this range that you can gather all the 
necessary information only by studying the Mullard data sheets which will gladly be sent on 
request. Write now for these and for any further details concerning the Mullard photomultipliers 
and their applications. Here are brief details of the complete range 






5IUVP Eleven stage tube with 
32 mm diameter photocathode 
and quartz end window to give 
sensitivity to ultra-violet. 


52AVP Ten stage tube of 25mm 
outside diameter and with 20mm 
diameter photocathode. 


53AVP Eleven stage tube with 
44mm diameter photocathode for 
use in gamma spectroscopy. 


5S3UVP As 53AVP but with 
quartz end window to give 
sensitivity to ultra-violet. 


54AVP Eleven stage tube with 
111 mm diameter photocathode 
for flying spot scanners. 


NUCLEAR POWER December 


56AVP Fourteen stage tube with 
focused dynode structure giving rise 
time and transit time spreads of 

2x 10-9 s. 42 mm diameter 
photocathode. 


56UVP As 56AVP but with, quartz) . 
end window. is 























57AVP Eleven stage tube 
photocathode 200 mm ind 


58AVP Fourteen stage tub 
110 mm diameter photocath 
tube has a tetrode input sys 
giving spreads in transit tim 
photocathode of 10-9 s. 


150AVP General purpose ten Sos 
tube with 32 mm diameter , 
photocathode. 3 


150CVP As 150AVP put with a 
photocathode sensitife to infra-r 
radiation up to 1.2 u. 


153AVP Eleven stag 
use with scintillation 
a resolution of less th 
with Cs137, 


) MVTD399 
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We specialise in the supply of 
HIGH PURITY METALS AND 
COMPOUNDS FOR 

1. Mica 3. Paxolin (Synthetic NUCLEAR APPLICATIONS 


Resin Bonded Laminates) ’ 
4 e*e~+7e+72+0272 
‘ 2. Micanite (Built-up Mica) 


I 4. Glass Insulation Boron & Borides 


5. Copper-faced 6. High Voltage Bushings ° 
Paxolin Boron Carbide 


7. Varnished or Impregnated Fabrics C lei 


8. Vulcanised ‘ 
Fibre 9. Leatheroid e 
Cerium 


10. PVC, Polythene and other 
Thermoplastics. _ 
| Europium 


Gadolinium 
* Hafnium 
Lithium 
* Niobium 
Samarium 
* Tantalum 
Thallium 
Thorium 


looking for | vl 


Yttrium 


the finest a * Zirconium 
Electrical Insulation & * Zivealey 


* Produced by Electro Beam, Vacuum arcmelting and 
other High Vacuum processes. Also supplied in all 
fabricated forms and assemblies. 





Please Submit your Enquiries and 


m a | Problems to 


‘NEW METALS & CHEMICALS 


| LIMITED | 
Chancery House, Chancery Lane, | 
London, W.C.2 


Telephones: HOLborn 7415 (8 lines) 
Teleprinter: London 28816 
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Inside . 


Requirement: Bond Integrity. Ultrasonic immersion testing equip- Requirement: Structure Determination. The 


ment, designed specifically for our non-destructive testing use, checks metallographer determines and records the 
bond integrity and soundness of fuel cladding. O } Y structure, grain size, and bonding of metallo- 


graphic samples taken after each critical phase 


in the manufacture of fuel elements. 


4 


ELEMENT eS. : 
QUALITY 
CONTROL 


at M&C 
Nuclear, Ine. 





Requirement: Dimensional Accuracy of Machined Parts down To assure the quality desired by 
to 0.0001 Inch. Surface plate and electronic height gauge used to reactor designers, we are experienced 
a are with every quality control test de- 
veloped for the nuclear fuel industry. 
And we have created and used new 
tests and control equipment for our 
customers’ special requirements. In 
addition, complete records are main- 
tained for quality assurance of the 
final product. 

Quality control services include: 

Analytical Testing using emission 
spectrographic, x-ray spectrographic, 
chemical analysis and gas analysis 
testing equipment. 

Metallurgical Testing using metal- 
lography, physical testing, and pho- 
tographic techniques. 

Non-destructive Testing including 
eddy current, ultrasonic, immersion 
ultrasonic, and helium leak test; as 
well as surface activity measurement 
and corrosion-tested sub-assembly 
surface checks by panoramic camera. 

Dimensional Measurement using 
gauges developed, calibrated and 
maintained by our gauge laboratory. 

Our services are available for the 
development and manufacture of SS ~ 
Requirement: Determine Sub Microgram Quantities of Fission- quality fuel and core components for 
able U235 Surface Contamination (to 0.000000001 Gram). projects, large or small. 

The largest internal chamber proportional counter ever made is success- 
fully used to determine surface activity from fissionable materials on 
flat-plate type and ribbon type fuel elements. 


Requirement: Impurity analysis in the parts 
per million range. Optical spectrograph used 
in the quantitative and qualitative analysis of 
alloying and trace elements in all metals used 
in the final product. 





Requirement: Dimensional Accuracy of 
Fuel Plate Assemblies to .001 Inch. Custom 
equipment to check and auto-record water chan- 
nel spacing of fuel plate assemblies. Close di- 
mensional accuracy of the fuel plates is carried 
through to the fuel assembly to assure the qual- 
ity of the finished product. 


1960 ATOMFAIR — WEST T | 

Visit our display at the 1960 Western Atomic 1e) EXAS N ST RU M EN TS 
Ind Fair... Booths 311-312, Masoni 

meme toate a ieeadben, Califernie, INCORPORATED 
December 12 to 15. MECC NUCLEAR,ING. 


® (A sussioiary ) 
P.O. BOX 898 ATTLEBORO, MASSACHUSETTS, U.S.A. 
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This Vokes ‘Absolute’ filter is the nucleus of 


Originally developed for atomic energy work, Vokes ‘Absolute’ 
filters have also proved invaluable in biological, pharmaceuti- 
cal and photographic applications—in fact wherever sub- 
micronic particles of dust and dirt can harm expensive equip- 
ment and processes. The special filter medium consisting of 
extremely fine asbestos fibres suspended in a grass-based 
paper gives a remarkable efficiency of 99.95% against particles 
in the 0.I to 0.§ micron range—a figure guaranteed by 
subjecting every ‘Absolute’ filter to the methylene blue dust 
cloud test immediately before despatch. (B.S.S. 2831.) 


Other ‘Absolute’ filters using an all-glass paper filter 
medium have guaranteed efficiencies as high as 99.99% — only 
0.01% penetration against a methylene blue dust cloud. For 
further details please ask for publication HJ. 


For the housing of ‘Absolute’ panels Vokes have 
designed the UNIPAK, an inexpensive, compact 
and adaptable structure consisting primarily of a 
sealing frame housed within an outer metal 
container. Complete inlet and outlet headers are 
provided, tailor-made to fit between the ventila- 
tion ducting and designed to the duct air velocity 
specified by the customer. Each ‘Absolute’ filter 
is isolated from the next and is easily and quickly 
fitted or removed by a patented sealingmechanism 
which, in addition to securing correct alignment 
of the filter, will not permit the access door to be 
replaced until it is sealed in position. 





Standardized components make possible the simple con- are shown in these sketches — make the UNIPAK suitable 
struction of multiple banks to handle a wide range of air for most requirements. Our technical engineers are always 
volumes. The alternative layouts available—a few of which at hand, however, to advise on special installations. 


VOKES LIMITED -: HENLEY PARK : GUILDFORD : SURREY 


Telephone: Guildford 62861 (6 lines) Telegrams: Vokesacess, Guildford, Telex 


Telex: 8-535 Vokesacess, Gfd. Represented throughout the world 
v533 
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* ARGUS CONTROL 


could put us years ahead 


Many manufacturing methods today are reaching the stage when their 
efficient operation must depend on information handling and decision 
making beyond the speed of the human brain. The Ferranti arcus com- 
puter has been specially designed to take over these functions. In addition 
to producing information on which people can act, ARGUS can be con- 
nected toavariety of plants in such a way that it can control the processes 
directly. aRGus enables man to be taken out of the control loop. 


€ A FERRANT!I COMPUTER DESIGNED FOR PROCESS CONTROL 


SPECIFICATION 


Computer 
1 Entirely solid state—best and latest constructional 
techniques used to give great reliability. 


2 Fast,compact.Noelaborate site preparation required. 


3 Unique features (such as inductive pegboard pro- 
gramme store) to make Argus suitable for process 
control. 


4 Flexible. Various store sizes available, various 
peripheral devices attachable. 


Controls 

1 Sequence Control—start-up or shut-down of con- 
tinuous processes —control of batch processes — 
control of packaging or filling plants. 


2 Control of continuous processes—improvement of 
process efficiency—prompt and dependable adjust- 
ment of set points to give optimum operation. 


38 Advanced logging—logging of useful information, 
not just data—quality parameters which cannot be 
instrumented directly can be computed on-line and 


WVLLUVUULUWUVILVLVOUULUOUVOENULUOUOAVUVOUUUAVUUUAOULULUUUUOUR THERA 


2) HNN0NNUNULUOIULVLUULUUIOUIVULUUUOUVOUAULLNUOSUNURUUUVULLU 1 LEELA 


logged by a choice of methods—calculation of operating 
guides presented to the operator to improve control— 
alarm monitoring, location and nature of fault—alarm 
action up to and including automatic shut-down. 


System 

l Inputs from hundreds of sources, such as thermo- 
couples, resistance thermometers, flow and level 
meters, pressure transducers; also from remote loca- 
tions via data links. 

2 Outputs to control relays, valves, stepping or con- 
tinuous motors, analogue controllers, etc. 

3 Logging on typewriters, teleprinters, strip and line 
printers, magnetic and paper tape, plotting tables, 
chart recorders, in-line decimal displays, etc. 


WNIUVILIULLLVUOVUOUVOUVLUULUNLELV OLA 


| 


Our staff at the London Computer Centre, 68/71, 
Newman Street, London, W.1. (MUSeum 5040) will 
welcome your enquiries. Individual system studies can 
be undertaken by control experts who will be pleased 





to show you arGus in action. 


UTA LAL 


=] 


Ir. 


FERRANTI 


RANGE OF COMPUTER SYSTEMS 
PEGASUS - MERCURY - PERSEUS - ARGUS - SIRIUS - ORION - ATLAS 


FERBANWTI 4BTD.. EBAD OFFICSE: HOLLINWOOD, LANCASHIRE 
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A substantial and well-deserved REWARD has accrued 
to the above Company Director for his heroic, dogged, 
rugged—nay, sensible—decision to obtain from 


ASSOCIATED LEAD all his firm’s supplies of 


LEAD, TIN, ANTIMONY and their alloys, including 99.999% PURE 
LEAD, TIN & ANTIMONY, LEAD SHEET & PIPE, NUGLEAR SHIELDING, 


SOLDERS, ANTIFRICTION MATERIALS, ANTIMONIAL LEAD & CABLE 
ALLOYS. He now moves in an aura of profit and prestige. 


This announcement is issued for and on behalf of 


ASSOCIATED LEAD MANUFACTURERS LIMITED 


CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, £.C.2. CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER 





Export enquiries to Associated Lead Manufacturers Ex,crt Co.Ltd., Clements House, 14 Gresham Street, London 
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For vacuum extraction duties and use 
with filters, condenser installations, etc. 
Will extract liquor from vessels 

under a 28 inch vacuum. 





A rubber lined pump 
for handling 
hydrochloric acid, 
ferric chloride 
solutions, etc. 


Specifically 

developed for 

mines. Operates 

in confined spaces. 
P Self-priming, 

no foot valves, 

Runs on “snore” 

indefinitely. 


have the pumps 
for SPECIAL DUTIES 


Self-priming pumps with a minimum 
suction lift of 20 ft. water, able to handle 
high percentages of air or vapour. 
Capacities 5 to 600 g.p.m. 





=, 
NO CORROSION Taal 


| 


~a 


—  _ 


L:BOUR 


BRITISH LABOUR PUMP CO LTD 
BLUNDELL ST LONDON N7 Tel: North 6601-5 Grams: Laboupump London 





Process pumps for 
handling hot liquids. 
Heads up to 300 ft., 
capacities up to 1000 g.p.m. 


X 
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the fourth dimension—reliability... 





BRIMISTORS The fourth dimension, time — invisible and intangible, 
CAPACITORS . . 

CONTACT COOLED RECTIFIERS but in the case of STC components, definable in terms of 
FERRITES 

GERMANIUM DIODES 
GERMANIUM PHOTOCELLS 
HERMETIC SEALS . : . , 
HIGH STABILITY RESISTORS incorporated in their design and manufacture. 
MAGNETIC MATERIALS oa aor ; 
QUARTZ CRYSTALS Such dependability is very necessary in view of the vital 
RECEIVING VALVES 

a functions that STC components have to perform —in 
SELENIUM RECTIFIERS ; o> aa ee 

SILICON BECTIFIERS equipment for communications, navigation and 
SILISTORS 

SUPPRESSORS . ie 4 > . "0 ' 
TRANSIBTORS remote control; and it is the reason why STC components 
THERMISTORS : _ : 
TRANSFORMERS are trusted implicitly by manufacturers of electronic 
ZENER DIODES 


sustained, faultless performance —is a very definite factor 


equipment all over the world. 


Get to know the range of STC Components — write for booklet M/103 
which lists all components and their re‘evant technical literature. 


nies Standard Telephones and Cables Limited 


Group Registered Office: Connaught House, Aldwych, London W.C.2. 
COMPONENTS GROUP ° FOOTSCRAY . SIDCUP KENT 
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CAST IRON VESSELS 


for the 
ATOMIC ENERGY AUTHORITY 








Approved by Lloyd’s for 
Class Il welding for 


pressure vessels 





One of the battery of special Cast Iron Vessels supplied to the 
U.K. Atomic Energy Authority. The body of the vessel is 
approximately 5ft. 8in. outside diameter by 6ft. 3in. high 
and the complete vessel weighs approximately 30 tons. 






ESTABLISHED 184] 


FOUNDRY & ENGINEERING CO. LTD. 


Wi 








iT 
il 
LUGSDALE ROAD, WIDNES, LANCS. TEL. 2251/4. GRAMS. ‘FOUNDRY WIDNES’ 
w40 
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For General 
Vela ver- hate): mamta 


MILD STEELS, 
STAINLESS STEELS, 


and 


ALUMINIUM 
ALLOYS 


WE ALSO SPECIALISE IN 


DISHED AND FLANGED ENDS 
MAX.DIA.24"° MAX. THICKNESS 2” 
Made to suit Customer's 
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the applications of Ermeto 
high pressure couplings 
are practically unlimited 


Ermeto high pressure couplings are specified by 
many leading manufacturers because of 
their proven reliability under arduous conditions. They are 
available in mild and stainless steel, brass and aluminium alloy. 
Couplings, valves and flexible hose are supplied in 
a wide range of standard fittings. Non-standard 
fittings can also be made to meet your specifications. 
Technical information and our illustrated catalogue 


are freely available on request. 


—ari\i—age BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD - MAIDENHEAD - BERKS - TELEPHONE: MAIDENHEAD 5100 
A member of the ALENCO Group of Companies 
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... They always say that the leaves grow greener in the 
other fellow’s garden—but I doubt it. 

“Seems to me that being a Managing Director would 
have its drawbacks. Having to entertain customers 
when I fancied a yarn with the boys and only seeing a 
leek when it was dished up in a tureen would drive me 
fair barmy inside a month. 

“Mind you—don’t get me wrong. If somebody offered 





managing director 


me the job I'd have a shot at it, but deep down I feel 
that the boss’s chair calls for a little more than most of 
us can give. In the 40 years I’ve worked for the AW 
Group I’ve learned to handle men and make a quick 
decision. I can talk about steel until the cows come 
home and I know a few tricks that the professors don’t 
teach .. . but as for being a Managing Director . . .! 
reckon I'll stick to my own garden after all.” 


STEEL CASTINGS -—with the emphasis on quality 


ARMSTRONG WHITWORTH (METAL INDUSTRIES) LIMITED 


Western Road Works * 


Jarrow * Co. 
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Durham Tel: 89-7111 


Subsidiary Company of Armstrong Whitworth (Metal Industries) Ltd * Close Works * 


Gateshead upon Tyne 8 
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HEAD WRIGHTSON | a 


Head Wrightson are one of the most experienced companies in the . 
world's nuclear equipment market. 

In the Active Material Handling field alone, they have engineered 

well over thirty flasks for the Atomic Energy Authorities in the 

United Kingdom, Denmark, Germany and Australia. Head Wrightson 

have also worked with the Swedish Authorities. 

Head Wrightson offer their experience for the engineering of 

Active Material Handling Flasks for any reactor or nuclear energy 

project. Consult them now. 


active 
material 
handling 
flasks 


HEAD WRIGHTSON PROCESSES LTD 
NUCLEAR EQUIPMENT DIVISION 
London Sales Office: 20-24 OLD STREET EC1 And at: THE FRIARAGE YARM-ON-TEES YORKS 
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Erecting the 
cast-iron lining 
behind the 
main shield. 

















For the considerable volume of low pressure air required for tunnel pressurization a battery of Consolidated Pneumat: 
Class FE stationary compressors was installed. This view of the well-appointed compressor house illustrates part of th 
installa.ion of slow-speed, double-acting, balanced-opposed machines. Class T compressors from the Consolidated 
Pneumatic range were installed to provide air at working pressure for pneumatic tool operation. 
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A view of \ Excavating 
the coffer Co. “| one of 

dam for i \ the 18-ft. 
the portal 1a e 2 diameter 
entrance. x ERR. 5 main shafts. 


# 


© 


Tunnel with © equipment 


Leading Civil Engineering Contractors, Charles 
Brand & Son Ltd., one of the most experienced 
low pressure tunnelling specialists in the 
country, are now engaged on a contract which is 
probably the largest project of its type yet 
undertaken — the new Clyde Tunnels being 
constructed for the City of Glasgow Corporation. 
In this field of work, perhaps more than in any 
other, the quality and performance of plant 
and equipment is of paramount importance. 
Charles Brand have chosen Consolidated 
Pneumatic equipment for the major part of the 
compressed air installations and the rock drilling 
operations. The good progress revealed in these 
pictures pays tribute to the contractors, and 
reflects in turn the efficiency of the CP equip- 
ment employed. 


Consulting Engineers: Sir William Halcrow and Partners, MM.1.C.E. 


aS 
Bt 


ed 


Excavation work at the face of the pilot tunnel. 


CONSOLIDATED PNEUMATIC TOOL CO LTD = DAWES ROAD bd LONDON . 
Affiliated and Subsidiary Companies throughout the world. 
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FOR BENGH 
OR FIELD USE 


TYPE 255 


@ PORTABLE 


Transistorised, battery operated, weighs only 16 lbs with 
batteries 


@ ACCURATE 
Laboratory accuracy under field conditions. Accuracy 
of measurement generally better than + 2:5%, which is 
not affected by falling battery voltage 


@ VERSATILE 
Wide range of probes and accessories available, in- 
cluding Alpha, Beta Gamma, End Window and Liquid 
sample probes, a Sample Holder and a Lead Castle. A 
stout leather case is available for carrying the probes. 


WRITE FOR DESCRIPTIVE LEAFLET No. 177B 











TYPE 1021B 





SAFEGUARDS | against contamination 





@ TRACES radio-active material in chemical 
analytic processes 


@ MEASURES contamination of any resulting effluent 


Designed in conjunction with A.E.R.E. Harwell, 
this instrument is probably the most widely used 
general purpose monitor in the world. It has been 
PROVED by years of user experience to be the most 
accurate and reliable equipment of its type. The 
Radiation Monitor consists of a mains operated In- 
dicator Unit together with a Beta Gamma or Alpha 
Probe Unit. Indication is provided visually by means 
of a‘ meter which is calibrated in counts per second, 
and audibly by means of a loudspeaker. A socket on , 
the front panel is also provided to enable the output 
to be fed to a scaling unit. 


WRITE FOR DESCRIPTIVE LEAFLET No. 26D 

















GENERAL PURPOSE COUNTER TYPE 1339A 


AND A SGALER 
FOR THE 
LABORATORY 


@ Provides comprehensive scaling facilities for all types of 
Geiger Scintillation Counters 


Incorporates stabilised E.H.T. Supplies 





Fitted with automatic timing control 


Designed and developed in conjunction with 
U.K.A.E.R.E. 


WRITE FOR DESCRIPTIVE LEAFLET No. 185 








Wraneee 


Instruments for the Nucleonic Age 


AIRMEC LIMITED * HIGH WYCOMBE ° BUCKS ° Tel: High Wycombe 2501-7 
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hector 


a new zero-energy nuclear reactor 
for the United Kingdom Atomic Energy 


Authority's establishment at 


WINFRITH HEATH 


Design and construction by 


FAIREY ENGINEERING LTD 


Heston - Middlesex and Stockport - Cheshire 


A subsidiary of The Fairey Company Limited 
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High output Single-ended pressure transducer type 1029 > 


" Sensitivity 60 mv/v 
Low temperature drift Non-linearity and hysteresis 1% 
Zero drift better than 0.01% /°C 
All-round accuracy Thermal co-efficient of sensitivity .02% /° C up to 200 p.s.i. 
.05% /° C above 200 p.s.i. 


- 


b 
4 


Ss & 
~ i satis Differential pressure transducer type 1028 
+4 f 


Sensitivity 30 mv/v 
Non-linearity and hysteresis 1% 
Zero drift better than 0.01% /°C 
Thermal co-efficient of sensitivity .02% /° C up to 200 p.s.i. 
.05% /° C above 200 p.s.i. 


Rugged N E P single-ended and differential pressure transducers accurately measure 
static and dynamic pressures at temperatures up to 200°C. 


Gauge or differential fluid pressure ranges from 0-5 p.s.i. to 0-5000 p.s.i. 


N E P inductive type transducers are suitable for dynamic pressure analysis with 
almost any fluids. 








These transducers are designed 

to be used in conjunction with 

the NEP oscillator-demodulator 
unit. This provides an output 
proportional to the fluid 

pressure which can be used for 
operating controllers or can be 
recorded on the N EP process-free 
Direct Writing Galvanometer 
Recorder. 


Suppliers of recording instruments and systems to the aircraft and G.W. industries, 
Government establishments, Admiralty, etc., A.I.D. approved 
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dynamic pressures at 200 C 





Tr 








New Electronic Products Ltd 


MAKERS OF SCIENTIFIC MEDICAL AND INDUSTRIAL INSTRUMENTS 


Head office and works : 360 Kennington Road London SE1l1 RELiance 5161 
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Some recent developments in manufacturing techniques 


and special applications of tubes in a variety of metals... 


NO.10 OF A SERIES BY ACCLES & POLLOCK 


Helically gilled extended surface 
tubing in zirconium. The gills, 
which are integral with the base 
tube and disposed helically around 
the tube periphery, provide maxi- 
mum heat transfer properties and 
strength. 


A flexible duct for instrument 
control which consists of anumber 
of small diameter seamless stain- 
less tubes interwoven to form:a.» 
single cable and then helically 
coiled to obtain flexibility. One 
of the tubes is left open to carry 
gas and the rest contain insulated 
wire for the electrical circuits. 











Designers have a habit of asking for the impossible, but in a 


Mineral insulated thermo-couple 
consisting of two dissimilar 
thermo-electric conductors 
welded together at a point, em- 
bedded in highly compressed 
magnesium oxide insulant and 
completely encased in a small, 
circular austenitic stainless steel 
tubular sheath. 


surprising number of cases Accles & Pollock produce an answer A\ l &Z 
that enables the production people to translate the concept on the CC es 


drawing-board into a physical, functional form. Accles & Pollock 
welcome all such opportunities to co-operate in developing new 
applications in the form of tubes and tubular sections. 


No) deve) << 


Technical Information Sheets discussing tubes and their applications are available on request. 


ACCLES & POLLOCK LIMITED - OLDBURY * BIRMINGHAM 
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A @ comPany 


Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, 
including stainless steel, and other metals. 
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More and more engineers are specifying Marston Excelsior Bursting 


Discs to ensure the safe operation of pressurized vessels. With no 
working parts to foul or clog, Marston Excelsior Bursting Discs 
provide the surest protection for plant and operatives. Immediately 
the pre-determined pressure of a vessel is exceeded, the disc ruptures 
and allows release through the full bore of the orifice. 

Marston Excelsior Bursting Discs and Carriers are manufactured in a 
range of sizes from 11/16 in. to § ft. diameter, to cover almost every 
bursting pressure. A wide variety of metals is available, including 
Aluminium, Copper, Silver, Lead, Nickel, Stainless Steel, Monel, 
Brass, Platinum and Palladium, and non-metallic materials such as 
Rubber/Canvas, Neoprene and “Klingerite”’. 

Marston Excelsior have taken over the manufacture of Bursting Discs 
from the Billingham Division of I.C.I.—and with it a vast knowledge 
of these safety devices in actual use. Now, this detailed experience 
and the skill of Marstons combine to ensure perfect service under all 
operating conditions. 


eS RU SEL GELS GE 


For fullest details, write now to: 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON 


- 5 (A subsidiary company of Imperial Chemical Industries Ltd.) 


NUCLEAR POWER December 1960 





Circle No 34 on reply card for further details 











Greater safety for hands 








Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern 
high-speed machines are used and the emulsion 
can concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
Shell Dromus Oils have been reformulated and 
these new cutting oils now produce bland emul- 
sions, which considerably reduce the risk of skin 
trouble to operators. 

The real difficulty was to finda newcouplingagent 
to replace the phenoliccompounds, and Shell finally 
used what their chemists know as a higher fatty 


TRIUMPHS OF SHELL RESEARCH 


9 With new Shell Dromus Oils 


alcoholcomplex. Thissolved oneproblem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 

The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 

The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. If you and your organization 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 


The Research Story 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom. 


This is the blending kettle. The 
reflux condenser beside the stirrer 
motor prevents the loss of com 
stituents volatile at the blending 
temperature. 


new Eq) oromus SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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Blyth ‘A’ : 
de, 32.63° , 
Castle Donington 

Drakelow ‘B’ 

Willington ‘A’ 

Drakelow ‘A’ 

Rogerstone 

es TID annie... ...80.11 
Stourport ‘B’ (HP)................... 30.04 
Littlebrook ‘B’ .. 


Stella North 


out of top 
for thermal efficiency insulated by 


Here’s further conclusive evidence that The Darlington 
Insulation Co, Ltd. is the leading company of its kind in 
Britain! Of the twenty power stations that top the list for 
thermal efficiency in 1959 in the Central Electricity Generating 
Board analysis, eleven-including the first three — were 
insulated by Darlington. Eleven good reasons for choosing 
Darlington for all industrial insulation problems! 

The same comprehensive technical advisory service that 
achieved these results is available to you. Address any thermal 


insulation problem you may have to 


The Darlington Insulation Co. Limited 


38 Great North Road, Newcastle upon Tyne, 2 A Member of The Darlington Group of Companies 


Branches at LONDON : 493 Lea Bridge Road, Leyton, E.10. BIRMINGHAM: 1087 Kingsbury Road, Tyburn, 24. 
BOLTON: Roscoe House, Withins Lane, Breightmet. BRISTOL: 125-7 Bishop Street, Portland Square, 2. CARDIFF: 10 Fitzalan Place. 
GLASGOW : Vicarfield Place, Govan, S.W.1. LEICESTER: 234 Belgrave Gate. SHEFFIELD: 4-6 South Street. 


Acoustic Division: Tynos Works, Scotswood, Newcastle upon Tyne, 5 
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Regd Trade Mark 
ALUMINOUS CEMENT 





For 


HEAT-RESISTANT GONGRETE 


WITH SPECIAL PROPERTIES 
FOR SPECIAL PROBLEMS 


Exceptional cold strength at 24 hours and permanent residual strength 


for structural purposes at elevated temperatures. 


Great thermal shock resistance. 
Volume stability at temperature. 
Low thermal conductivity. 


Highly resistant to chemical attack. 


Shielding action at elevated temperatures due to high proportion 


of combined water. 


(*Temperature limit up to 1350°C, dependent on type of heat-resistant 
aggregate employed !) 


Our Technical Dept. is entirely at your disposal 
for further specific information 


FOR SPEED—STRENGTH 
For operating temperatures up to 1800°C, or 


RESISTANCE when a refractory resistant to reducing conditions 
is required, use Super-Duty Refractory Concretes 


REFRACTORINESS made with SECAR 250, a pure white calcium- 





Manufactured by aluminate cement, free from iron oxides. 


LAFARGE ALUMINOUS CEMENT COMPANY LTD Saag Sar 
73, Brook Street, London, W.| Tel: MAY 8546 
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HIGH EFFICIENCY 
PIPE INSULATION DATA 


MINUS 400° F 
to PLUS 1|500° F 












STILAG 





PREFORMED MINERAL WOOL PIPE INSULATING SECTIONS 


Technical Data Leaflet No. 7 contains useful tables of recommended thicknesses of STILAG insulation for various 
pipe sizes over a range of temperatures together with relevant ‘K’ values, heat losses and surface temperatures. 
Please send the coupon for your copy. 















40 


To: STILLITE PRODUCTS LTD. 15 Whitehall, London, $.W.| 


esemremceme 








Please send me Technical Data Leaflet No. 7. 


NAME 
ADDRESS 





Regd. Trade Mark 
STILLITE PRODUCTS LTD. 
15 Whitehall, London, S.W.I. Tel: WHitehall 0922/7 
231 St. Vincent Street, Glasgow, C.2. Tel: Central 4292 













Just attach this coupon to your letterhead. Nuclear Power 
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g 
name of 
airey... 


To most of us the name of Fairey has always been 
linked with famous aircraft, not the least of which was the 
Delta 2 in which the World Absolute Speed Record was raised 





| to 1132 m.p.h. But in recent years the interests of the Company 
have been spread widely throughout the field of industry. A 44-ton aluminium fabrication made at Heaton 
For example, just outside Stockport, at Heaton Chapel, Chapel for the U.K.A.E.A. 
Fairey Engineering Ltd. operates a large plant for the fabrication 
and welding of aluminium and steel structures. The engineers ececeecen 


here have developed special techniques based on the extremely 
high standards of quality inspection demanded in aircraft 
production, and for many years the plant has been engaged in 
making equipment for the United Kingdom Atomic Energy 
Authority, where standards are equally high. The company is ex- 
panding its training school for welders and building a new block of 
Metallurgy and Welding Engineering Development Laboratories. 

Fairey metallurgists and quality inspection engineers 
attach special importance to X-ray and gamma-ray inspection of 
castings and welds, and the radiographs are carefully filed to 
provide proof of sound casting and welding techniques. The 
greater percentage of products leaving the Heaton Chapel works 
are radiographed. 

And for this vital evidence of sound workmanship 
Fairey Engineering relies on Kodak “Industrex” X-ray Films— 
the last vital check in a chain of quality control techniques. 


Kodak 


industrial X-ray 


by 























iS 
. Fil 
ims 
... first choice of inspection engineers everywhere 

If you are not yet using radiography to check the 

quality of welds or castings send for a free copy of a 

32-pp booklet **Can Industrial Radiography help you?” 

ne ‘ aera : 100°, weld radiography is carried out on all vital 

. Kodak Limited, Industrial Sales Division, Kodak House, iniiiin os steaeee Chapel. Side “Badestuael 
72/7 Kingsway, London, W.C.2. X-ray films are used for this quality control. 
292 
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THE 1960 NUCLEAR POWER 


YEAR BOOK & BUYERS’ GUIDE 
NOW IN ITS 3rd EDITION 


the Nuclear Power Year Book and 
Buyers’ Guide is the only comprehensive 
publication of its kind in the world 


CONTENTS 


1 1960 Review 

An uptodate critical review of the 
British nuclear power scene, details of 
the British nuclear contracting groups 
and the electricity generating authori- 
ties, data on British reactors, map of 
nuclear energy establishments and 
power stations. 


2 World Authorities 
The history, organization and plans of 
all national atomic energy authorities 
and international bodies. Addresses of 
establishments and names of leading 
Officials. 

3 Technical Data 
Articles and tables on reactor physics, 
instrumentation and special metallurgy. 

4 Isotope Section 
A 60-page table giving the principal 
properties of all known nuclides includ- 


ing indication of sources of supply. Pre- 
cautions to be taken in the use of radio- 
active substances. 


Company Addresses 

Titles, addresses, directors, home and 
overseas branches of nearly 2000 British 
firms supplying the nuclear energy 
industry. 


Buyers’ Guide 
Firm’s products classified under 750 
different headings. 


Trade Names 
Products identified under registered 
titles. 


Who’s Who 
Biographical details of over 600 lead- 
ing men in British nuclear energy. 


Revised from cover to cover the 3rd edition of NUCLEAR POWER YEAR 


BOOK and BUYERS’ GUIDE is essential for management, designers, 


operators and research workers in the field of atomic energy. 


Order your copy now—price £ 2.12.6 (post free) 


ROWSE MUIR PUBLICATIONS LIMITED, 


THE ROWSE MUIR BUILDING, 77-79 CHARLOTTE STREET, LONDON, W.1, 
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Experience Founded originally in 1823 + 
Company has had the widest experience in the design a 
manufacture of all types of equipment for the handling 
air and other gases. Blowers, exhausters, heaters, filters, d 
and fume removal equipment, and of course, fans of all typ 
fall within this wide scope. Fans of every size and for ev: 
purpose, from Coal Mines to Aircraft Carriers, have be 
designed, manufactured and tested by Keith Blackman a 
installed in all parts of the world—experience unparalleled 
the field. 


“aermae 


pAb Ss 





Research «keith Blackman’s lead in design 
maintained by five separate research departments. Speciali: 
facilities are available at Tottenham for the development a 
testing of axial fans, centrifugal fans and filtration equ | 
ment, while a metallurgical laboratory controls the qual 
of materials founded at Arbroath. Tottenham also possesse 
one of the most advanced acoustics laboratories in the wor! 
for the investigation of sound levels in all types of fan engin 
eering equipment. 

In addition, the company’s generating station, as well 
supplying power to the factory, is designed to produce a wi 
range of A.C. and D.C. supplies for the test beds. 





Range The Keith Blackman range covers virtually 
every type of fan and blower in all sizes—axial types from 5 
inch to 100 inch diameter, centrifugal types ranging from 
14 inch to 180 inch, and propeller fans from 6 inch to 72 inch 
diameter. Much equipment is designed for clients’ specific 
requirements involving, frequently, the use of special mater- 
ials including pvc. Other equipment is made for heating, 
cooling, washing, dust and fume extraction, filtration and air 
conditioning. Five thousand fans of varying types are kept 
continuously in stock for quick delivery. 


Keith Blackman utd 


(incorporating Blackman Export Co. Lid.) 
MILL MEAD ROAD, LONDON N.17 TOTTENHAM 4522 


Leaders tn the lin ladudiy 


? 
. 





Resources The company’s three factories 
cover an area of 17} acres, and employ over 1,800 people. The 
main Tottenham works produces small and medium units and 
includes drawing offices, test facilities and machine shops, as 
well as the sales and administration offices. 

The Arbroath works deals with the production of the larger 
fans. Its iron and non-ferrous foundry plant supplies the whole 
of the company’s casting needs. 

The Edmonton Factory concentrates on light sheet metal 
and plate work and the fabrication of steel structures. 
Virtually all components, including fan motors and bearing 
housings, are thus designed and manufactured within the 
organisation—a unique combination of resources. 








Service Through the years the company has 
built up an enviable reputation for service at all stages. 
Sales representatives are all fully trained technical men 
capable of giving ‘on the spot’ advice on routine applications 
4) or special problems. The sales organisation operates from 
branches throughout the country backed by a staff of qualified 
sales engineers at Head Office. 
Despatch of stock items, of which 5,000 units are kept 
continuously available, is possible in as little as four days. 
The Company has its own road transport fleet and direct rail 
connections from the main factory. 
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Dounreay 


The Pye Instrument Group has supplied all the equipment 

to the U.K. Atomic Energy Authority for the irradiated fuel 
element laboratory at Dounreay. In addition to supplying 
equipment, Pye Ltd. acted as consultants and designers on all 
matters in that laboratory relating to instrumentation and 
remote handling. The illustration above shows 

manipulators working in conjunction with a television camera 
to handle and measure a sample from the fast reactor. 





The Pye Instrument Group consists of : Pye Atomics Division ; Pye Industrial Television Division ; Faraday Electronic Instruments Ltd.; Labgear Ltd.; W. G. Pye & Co. Ltd.; 


Pye Telecommunications Ltd.; Unicam Instruments Ltd.; W. Bryan Savage Ltd.; W. Watson & Sons Ltd. 





NUCLEAR POWER December 1960 Circle No 44 on reply card for further details 























DURALUMIN 


EXTRUSIONS, LARGE FORGINGS, PLATE, SHEET, STRIP AND TUBES IN LIGHT ALLOYS 


16a/18G179 
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Many qualities in addition to lightness 
and strength make aluminium an important 
metal in nuclear progress. 

Its uses include rod cladding, heavy 

water tanks, cooling tubes surrounding 
fuel rods, glove boxes, thimbles for 
radiation experiments, cyclotron windings 
and enriched uranium-aluminium alloys. 
James Booth supply high-quality 
aluminium and aluminium alloys ina 
wide range of wrought forms for 

nuclear applications. 


JAMES BOOTH ALUMINIUM LIMITED 


KITTS GREEN, BIRMINGHAM 33. Tel: StechfuorJ 4020 
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TUDOR 
BATTERIES 


A wide range of 
equipment with a wide range 
of applications 





TUDOR PRODUCTS ARE USED FOR: 


Stand-by duties, e.h.t. switchgear operation, emergency and indication lighting 
in Power Stations (conventional and nuclear) and Sub-stations. 

Stand-by duties in telephone exchanges and repeater stations. 

D.C. testing in laboratories. 

Emergency lighting and emergency duties, clocks and alarms in public buildings 
and places of entertainment (stores, banks, schools, hospitals, theatres, cinemas, 
dance halls, swimming baths, village halls). 


TO MEET THESE REQUIREMENTS WE SUPPLY: 


B.S.S. cells in wooden lead-lined boxes. 

B.S.S. cells in open glass boxes. 

B.S.S. cells in sealed glass boxes. 

High Performance cells in sealed glass boxes. 

A complete range of emergency lighting equipments, both self-contained and 
with the batteries mounted separately. 

Self-contained switch-tripping equipments. 


All types of chargers and associated switchboards. 


Tudor 











O TI7% 

THE D.P. BATTERY Co. LTD. MAKERS OF KATHANODE AND TUDOR BATTERIES, 
s BAKEWELL, DERBYSHIRE. BAKEWELL 581-5 
50 





NUCLEAR POWER December 1960 Circle No 46 on reply card for further details 47 




















Energy under control—Lang Pneumatic Con- 
trol eliminates human error and fatigue, 
raising the production level and reducing 
labour costs. A Lang Pneumatic power system 
is available for every industrial process, no 
matter how complicated. Every individual 
item has been amply proved in tests and in 
actual use. Design, workmanship and choice 
of corrosion-resistant materials ensure long, 
trouble-free service. 

















Mr. Squinch says: 
“Catch on to my 
latest product—a 
new version of 
an automatic 
valve, arranged 
for manifold 
mounting.” 


Lang Pneumatic Ltd 


(ASSOCIATED WITH DESOUTTER BROTHERS (HOLDINGS) LTD.) 


OWEN ROAD, WOLVERHAMPTON Tel: Wo'verhampton 2522!1-2-3-4 Telex: 33/93 


P5551 
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different 
types of 
fixing 
devices 
for 
Speed 


and 
Strength 


“=a, ~ oe 
—— "=e 


RAWL PLUG 


FIXING DEVICES 


USED BY THE 
MILLION 
THROUGHOUT 
INDUSTRY 


Made by THE RAWLPLUG CO. LTD., 
CROMWELL ROAD, LONDON, S.W.7 


The World’s largest 
Manufacturers of 
um Fixing Devices 
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RAWLPLUG FIXING DEVIGES 


FOR SPEEDY FIXING IN ANY MATERIAL 


No more trouble or costly delay because the material was ‘difficult’! 


Whether it’s concrete or plastic, breeze or sheet metal, cavity brick or lath and 


plaster, there’s a Rawlplug Fixing Device that makes firm screw or bolt 


fixings quickly, easily and economically. The speedy answer to every fixing 


problem is one or other of the 24 different types of Rawlplug Fixing Devices. 


Write for illustrated brochure. 


Screw Fixings 

















HUAN 





Use the famous RAWLPLUG for 
neat, firm fixings in brick, stone, 
etc. All sizes up to 2” diameter 
Coach Screws. Rawiplugs are 
waterproof and unaffected by 
climatic conditions. 


Rawlplug WHITE BRONZE PLUGS 
are specially suitable when the 
fixing is subject to very high 
temperatures, such as the outer 
brick coverings of furnaces. 
Use alse for under-water fix- 
tures. 


Bolt Fixings 





For bolting down machines, use 
RAWLBOLTS, a dry fixing that 
grips by expansion. No cold 
chiselling, no waiting for 
concrete to harden. Sizes up to 
1” bolt diameter. 


Use Rawiplug BOLT ANCHORS 
for bolting down in extremely 
wet or corrosive situations. 
Caulking completely seals the 
anchorage. Use also for anchor- 
ing Diesel Generators, Power 
Hammers, etc. 


Cavity Fixings 


Screwed up from the front the 
amazing RAWLNUT forms its 
own rivet head behind the 
material—airtight, watertight, 
vibration-proof, squeak-proof! 
For all thin or hollow materials. 


For ceilings of lath and plaster, 
plasterboard, etc., use Rawiplug 
SPRING TOGGLES. The inserted 
Toggle springs open behind the 
material, spreading the load 
over a wide area. 























NEW! RAWLSETS, for 3” and 
7" Whit. screws, are metal 
shell sockets which grip by 
expansion. Ideal for fixing signs, 
stoves, metal windows, fluores- 
cent light fittings, etc. Write for 
leaflet. 


Rawiplug CEMENT-IN-SOCKETS 
are positioned before concrete 
is poured, eliminating hole- 
boring. They provide strong, 
permanent fixings wherever bolt 
locations can be pre-determined. 
For bolt diameters 4” to 1”. 


Rawiplug GRAVITY TOGGLES are 
ideal for hollow materials from 
+>" thick. Inserted horizontally, 
the long end falls into correct 
position by gravity. The screw is 
then tightened in normal way. 
For 4”, 3" and {” Whit. Screws. 





1960 
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CONTROL PROBLEMS ? 


FOR GAS, AIR, OIL AND LIQUIDS 


MINIATURE GAS 
PILOT VALVE 
Size }” B.S.P 
For use on gas/air. 


i ma) i 


FUEL OIL VALVE— 
air operated 
Size }°—4" B.S.P 


OVERHEAD 
HEATER VALVE 
Size 3°—}’ B.S.P 


WE 


KNOW THE 
ANSWERS 





AUTOMATIC CONTROLS LTD 


) CONSTANT 
FLOW VALVE 
for controlling flow 
of fuel fed by ring 
main systems. 


3-WAY AIR VALVE 
ADMIRALTY pattern 

otherwise as TW/HP/AC 
Size 3°, 2°, 2° BS P 


3-WAY VALVE diaphragm 
operated suitable for use 
on hydrogen at pressures 
up to 22,000 p.s.i 
Size 3”, 3°, 3° B.S.P 


DIFFERENTIAL 

PRESSURE SWITCH 
Pressure 300 p.s.i 
Temperature 250°C 


FUEL OIL VALVE 
Size 4°—4" B.S.P 
Pressures up to $00 p.s.i.g. 


4 


a 





FLOW SWITCH 
Standard model size 
3°-B.S.P —}” B.S.P 


Other models in sizes 


up to 14 


FUEL OIL VALVE 
Size }°—}" B.S.P. High 
pressure, high viscosity 


SEND US 
YOUR ENQUIRIES 


Black Automatic Controls Ltd 


LEAFIELD, CORSHAM, WILTS. Tel: Hawthorn 136 


A Member of the Elliott-Automation Group Ey 
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is finding a rapidly increasing acceptance 
in modern industry, including the missile 
EValoMaleletl-t-am-lal-1geh Mi l-110 ie 

Whatever your application, whatever the 
medium or operating temperatures, if it 
can be made Blacks can make it. Let us 
know your problems. Purpose made or 
standard we could well be of assistance 
to you. Send us full details of your appli- 
cations and we can put forward suitable 
recommendations 
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analogue tutor 


Capable of demonstrating any form of 

second-order differential equation. Appli- 

cations include representation of servos, 
simple electrical networks, motion of particles 
and like systems. 











A co. iplete 


minia ure 


Comp iter ciatio 
syster 


for 


Student 
AMONG THE USERS® mal : : : ‘ - 
OF SOLARTRON a > »: : / 
COMPUTERS ARE 


A.E.1. (Heavy Plant Dik 
British Nylon Spinners 





English Eleetrie 


wae | It is safer and cheaper to simulate mistakes than make 
EC. SCHL MHI] Without having to build it, here is your projected 
Hawker Siddeley Group brought to your very desk-side or laboratory ! 


ICAL. maps The Solartron SPACE ‘30° analogue computer (right) is unic ; 
gf Parsons Be flexibility of application. With an operational capacity greater . 

ae ees many computers using 40 or more amplifiers, SPACE ‘30° has i 
Royal A lrcraft z as Poe additional problem-beating complement of non-linear units for 
Establishn’eme . 5  atalogue simulation of almost any dynamic system. Even when 
2 ce ae _ complex system elements must be included as analytic or 
UKA.EL.A. ‘ ps ~ non-linear operators, SPACE ‘30° will faithfully simulate a 

. ie - to the known information to produce a highly accurate 

United Steel 5 Bee ae a. 





ad infinitum 
TM 








ANALOGUE COMPUTERS 


The Analogue Computer is the foremost aid 
to training in feedback techniques and 
theoretical servo analysis, also for clearly . 

representing and solving complex differential int 

— — TS EH 
Because of its common basic approach to all 

dynamic problems, analogue computing prac- 

tice is vital to broadening engineering appre- j 1 ¢ he 

ciation. Parallels between widely different x 7 “ * Solves linear or non-linear 
systems are drawn with sudden lucidity — : i 
between hydraulic controls and national 4 . problems: up to Sth-order 
economics for example, or between a nuclear ; . te : differential equations. 
reactor and a controlled biological culture. ; . 

Every problem solved on an analogue com- ‘ * Easily expanded to greater 
puter brings a wealth of dynamic knowledge, 
relevant to wide areas of subsequent work. 





problem capacity. 


MINISPACE * Provides high accuracy at 
low cost * Ideal for servo simulation and 
basic reactor studies for students. * Eminently 
suitable for sub-programming larger machines. 





Be 0) 
oacwenes 
tet Ft 


space ‘30’ 











buadling peta , * 30 amplifiers in new, opti- 
y oer mnie - mised design configura- 
| ppm brn, © nso eae mo = 

apacity—or, in the pre- - DER hore poe “Ba : j earn 4 ‘= oe Full complement of non- 
fred case, you can choose | yO Moai ae oy lois | : : eee = linear computing elements. 

SPACE ‘60° or SPACE cs... eh 3 ans < Tee eet cant 
’ machine, each fully ivi. An r 6 OSE i choice tor com- 
ted for centralised - od. | N- Sece, ‘ a 4 plex dynamic simulation 

al beat kas St OSS REY See Pin pe ' a of any kind. 
: ‘ : * Easy to use — easily 
expanded. 





h diode function 

generator rr s29 | 

6 servo multiplier | 

n TJ 725 

nalogue | 

%. 7” | 

4 : 7 precision reference | 
B®. 


power supply as rs62 





THE SOLARTRON Computer Centre at the Dorking Research 
and Development Laboratories of the Solartron Group 


offers comprehensive facilities for dynamic problem 
evaluation, programming and detailed solution on SPACE 
*30° Analogue Computers. Skilled personnel will, if you 
require, translate your problems into computer language 
and carry out all the operational procedures. 

















soLasrxon GOMPUTER CENTRE 


> 





address your enquiries to : 


THE SOLARTRON ELECTRONIC GROUP LIMITED (Computer Division) 


Victoria Road, Farnborough, Hampshire. Telephone: Farnborough (Hants) 3000 





Illustration depicts subjecting materials to neutron and gamme radiation in cryogenic environment. 


NUCLEAR EXPERIENCE 
AT YOUR SERVICE 


Lockheed Nuclear Products to- 
day offers a compact knowledge- 
able organization well qualified 
to provide these services in nu- 
clear fields: 


Reactor design 

Facility design and operation 
Instrumentation 

Shielding 

Radiation effects 

New isotopes applications 
Meteorology 


Some things Lockheed Nuclear Pro- 
ducts is doing: Operating the 
world’s unique research facility, 
the Georgia Nuclear Laborato- 
ries, at Dawsonville. (These were 
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designed and built by Lockheed 
for the U.S. Air Force.) 
Producing a cry ogenic test loop 
for installation in the National 
Aeronautics and Space Admini- 
stration’s Plum Brook reactor. 
Participating in experiments to 
study effects on space vehicle 
materials operating in a com- 
bined nuclear and cryogenic en- 
vironment. 


Producing a portable pool-type 


reactor for the Atomic Energy 
Commission. 

Building a Lockheed Nuclear 
Products-designed 10 kw train- 
ing reactor for Ohio State Uni- 


versity... conducting theoretical 
shielding studies for the U.S. 
Army. 

Lockheed Nuclear Products of- 
fers the best in nuclear products 
for space ... for industry ... for de- 


Sense. 


LOCKHEED 


NUCLEAR PRODUCTS 


Georgia Division: Dawsonville, Marietta, Atlanta + Lockheed Aircraft Corporation 
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I happen to know a little 


about that subject, sir... 


He will not immediately be promoted to the board of 
the company or given an extra five hundred a year. But he 
has put the committee right on a technical matter and 
demonstrated in the process that his reading is thorough 


and broad—a useful point to make. 


Nuclear Power is published for men like this. In one 
year’s issues* it covers an enormous range of techniques 
and equips its readers with concise and technically 
authoritative details of theory and practice outside the 


normal confines of their own specializations. 


*Why not start your index file of likely-to-be-useful data 
from Nuclear Power? A pre-paid subscription card will be 
found facing ‘‘ Opinion’. Send it now and you will be in 


time for next month’s issue. 
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A new range of Industrial Ceramics 


Union Carbide* Unamic Ceramics fill the long-felt need for a class of refractory materials which operate 








above 1000°C with almost no dimensional change. They have been developed for arduous conditions where 
high dimensional accuracy is required over a wide range of temperature and where high resistance to thermal 
shock is necessary. There are, at present, three standard Unamic ceramics developed for different types of 
wpplications. Unamic 19 ceramic has exceptional thermal shock resistance; because of this and its chemical 
stability, it is suitable for use in contact with many molten metals. Unamic 25 ceramic is used for components 
requiring exceptionally close dimensional tolerances. Its low coefficient of thermal expansion means that 
the dimensionals remain the same at elevated temperatures and also gives excellent thermal shock and 
fatigue resistance. It also has good mechanical strength which is maintained at high temperatures. Unamic 
255 ceramic is designed for components requiring elevated creep resistance up to at least 1200°C. It has good 
thermal shock resistance and the same high dimensional tolerances and strength as 
Unamic 25. For special applications where specific combinations of properties are Si ite), | 

required, non-standard Unamic ceramics can be produced. Please write for the (oF N54 = 119) = 





booklet ‘Unamic’ which gives further details of the new range. 





*The terms UNAMIC and UNION CARBIDE are trade marks of UNION CARBIDE CORPORATION. 
UNION CARBIDE LIMITED - ALLOYS DIVISION (NP) - 8 GRAFTON STREET - LONDON W1 - TELEPHONE: MAYFAIR 8100 §& 
cRC 
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.EVACUATING AND WELDING COMPLETE 
ANEROIDS IN ONE OPERATION! 








This unretouched photograph shows aneroids, supplied by kind 
permission of Messrs. rd hs Ireland ‘Limited, welded on the 


The Solution... 
‘SPEEDIVAG 


ELECTRON BEAM VACUUM 
WELDING UNIT 


EDWARDS HIGH VACUUM LTD . 









Always a difficult process, the completion of an aneroid usually 


involves two distinct processes—welding and final evacuation. 





With the ‘‘SPEEDIVAC”’ electron beam welding unit* this can 


be achieved in one cycle as components are welded under a high 


vacuum and the process is complete when the final weld has 


been made. 


Absolute pressure capsules are just one example of how this 
new technique can simplify production difficulties. Electron 
beam welding will produce the highest quality flux-free welds 


with an atmospheric purity better than one part in ten million. 


*CEA systems, patent pending (Brit. pat. appin. 1962/57) 


MANOR ROYAL - CRAWLEY - SUSSEX - ENGLAND - Crawley /500 
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CHESTERFIELD 


FIRST 
WITH 
BERYLLIUM 
TUBES 























FIRST 
WITH 
FINNED 
BERYLLIUM 
TUBES 


This is 0.295’B 

with wall thickness 

of 0.040’ It has 18 radial fins 
0.040” wide x 0.060” high 


aia 





A 
FIRST 
wm BERYLLIUM 
CHESTERFIELD 


Twat co «to 
ENGLAND 









THE CHESTERFIELD TUBE COMPANY LIMITED-CHESTERFIELD-ENGLAND-A MEMBER OF tHe @]) crour 


CRC 69 
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Rio Algom Mines Limited, caNADA 

has amalgamat:d the four Canadian 
uranium mining companies under Rio 
Tinto’s management to form the largest 
uranium producing company in the 
world. 


Rio Tinto, producers of 
uranium and thorium, 
will play an important 
part in the future 


industrial use of nuclear 











power through 
the following companies: 


Thorium Limited, UNITED KINGDOM 

owned by Rio Tinto and Dow Chemie A.G., 
processes crude thorium materials and markets 
a variety of refined thorium and rare earth 
compounds. 










Nukem—Nuklear—Chemie und—Metallurgie 

G.m.b.H., GERMANY 

has been formed by Deutsche Gold-und Silber- 

Scheideanstalt (Degussa), Rio Tinto and 
Mallinckrodt Chemical Works to manufacture | 
nuclear fuel materials and fuel elements. 


Mary Kathleen Uranium Ltd, ausTRALIA 
managed by Rio Tinto in Australia, is 
now in full production and supplying 
uranium oxide for Britain’s nuclear 
power stations. 





Rio Tinto Dow Limited, caNADA 
Rio Tinto and the Dow Chemical 
Company of Canada are collaborating in 
uranium processing and producing 
thorium as a by-product of uranium. 


Austro-Chematom Kernbrennstoff G.m.b.H., 
AUSTRIA 

formed by Osterreichische Stickstoffwerke A.G. 
in association with Rio Tinto and Degussa to 
manufacture nuclear fuel materials and fuel 
elements. 








Rio Tinto Management Services (U.K.) Limited 


uP BARRINGTON HOUSE, 59 GRESHAM STREET, LONDON, E.C.2 


RC 69 
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Report from the General Electric Company, U.S. A.*— 
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DRESDEN, WORLD'S LARGEST 
/EPLANT, AHEAD OF SCHEDULE 


Dresden Station Of Commonwealth Edison Co. Provides 
Electricity Using General Electric BWR 


though in full-power operation since June, 1960, on 
ober 12, 1960, near Chicago, Illinois, U.S.A., the Dresden 
ation—world’s largest operating nuclear power plant— 
s formally dedicated “to the peaceful use of atomic 
rgy.’’ Designed and built by General Electric, the new 
#000 kilowatt Dresden Station is a major achievement 
nuclear progress. 
When General Electric signed the contract to build the 
esden project in 1955 there was no comparable installa- 
m in existence. With no precedent for such an undertak- 
g Dresden truly represents a world “‘first’”’ for private 
dustry. 
The feasibility of BWR’s has been proved by the success- 


Wma) operation of the Dresden station. The Dresder. :eactor 


bre is especially stable even at void contents greatly in 
xeess of design. Peak to average heat flux in operation 
as 15°% lower than design values. Response to operator 
pntrol in all cases was as specified, with load following 


Nepmpletely automatic from 55 to 100 percent of full load. 


— 


D 
ff 


\ 


Vy 


adioactivity in the steam and condensate systems of the 
lant were significantly less than contemplated in design. 


7 


SF 


Seal 
Naples, Italy—the Garigliano Nuclear Power Plant 
construction for the Societa Elettronucleare 
zionale (SENN). The General Electric BWR will deliver 
0,000 kw of nuclear power at a lower cost per KWH 
in all eight other reactor concepts considered. 


Kahl, Germany—Technicians check out the assembly of 
the boiling water nuclear reactor for West Germany's 
first atomic power station. The components for the 15,000 
kw single-cycle BWR nuclear steam supply system were 
designed by General Electric. 


Maintenance in all parts of the plant to date is restricted 
only by thermal cooling periods rather than radioactive 
cooling. 

The significance of this report: initial operating results 
confirm the General Electric boiling water reactor concept 
as the greatest potential source for competitive nuclear 
power in the shortest possible time. As a result of Dresden’s 
success, boiling water reactor plants larger than 400 
megawatts are now under development. The General 
Electric BWR in large-scale operation at Dresden will con- 
tinue to provide much of the data that will stimulate 
utilization of nuclear power to meet growing demands for 
energy in the world today. 

Let General Electric’s extensive atomic facilities and 
experience in the nuclear power field help you in the ap- 
plication and technical advancement of atomic energy. For 
further information contact International General Electric 
S.A., Dept. 30-12, 81, Route de L’ Aire, Geneva, Switzerland 
or write: International General Electric Company, Dept. 
30-12, 150 East 42nd Street, New York 17, New York, U.S.A. 


*General Electric Company, U.S.A. is not connected with the British 
company of the same name. 


Latest Report On Other General Electric BWR Plants Around The World 


Tokai-Mura—Japanese Atomic Energy Research Institute 
and General Electric Japan, Ltd. sign contract to pro- 
vide a 12,500 kw BWR plant. This plant, designated 
JPDR, is the first enriched uranium power reactor 
ordered by Japan. 


GENERAL @@ ELECTRIC 


U.S.A. 
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TRIGA Mark-F now in operation at General Atomic. 


The TRIGA Mark-F Pulsing Reactor 


General Atomic Division of General Dynamics Corporation is 
pleased to announce a new addition to its TRIGA family of 
reactors—the TRIGA Mark-F Pulsing Reactor. 

The TRIGA Mark-F, developed by General Atomic, is especially 
designed to yield short reproducible pulses of neutrons and gamma 


rays for use in nuclear effects research and testing. It is capable 
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of being pulsed repetitively to peak power levels of over 2,000,000. 
kilowatts with half-maximum pulse widths of 10 msec, owing to the 
inherent characteristics of the TRIGA reactor’s unique uranium- 
zirconium hydride fuel elements. During pulsed operation, a maximum 
flux of 6 x 10' neutrons/cm*-sec. can be achieved. The Mark-F 
design permits variation of neutron to gamma dose ratios 

by a factor of ten and provides for a large, easily accessible exposure 


window immediately adjacent to the core 


A prototype of the TRIGA Mark-F was placed in operation the 
summer of 1960, and construction of two such reactors will be 
completed in 1961 for the United States Government, including one 
for the U.S. Army’s Diamond Ordnance Fuze Laboratories. Other 
versions of the TRIGA include the TRIGA Mark I and Mark II 
reactors—for training, research and isotope production—which are 


now in use, or soon will be, on five of the six continents. 


Vickers-Armstrongs (South Mzrston) Limited, a company of the 





Vickers group, is licensed to manufacture and sell the TRIGA 


in the United Kingdom and Northern Ireland. 


GENERAL DYNAMICS 
GENERAL ATOMIC DIVISION 


P.O. Box 608, San Diego 12, California 
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P.O. Box 8, Swindon Wilts, England 
NUCLEAR POWER December 1960 














A Vital contribution to Atomic Power .. . 


“WANDLESIDE” 


ARMOURED 
CABLE 
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CALDER HALL | 


Photo by courtesy U.K. Atomic Energy Authority 


With the advancement of Atomic 
Power, cables must play an important 
part in the efficiency and reliability 
in the production of Nuclear Energy. 
Only the best is good enough and Wandleside 


Cables are eminently suitable. 


CABLES | for Nuclear Energy 











WANDLESIDE CABLE WORKS LTD. 106 GARRATT LANE WANDSWORTH LONDON, S.W.18 
One of FALKS Group Telephone: VANdyke 7544 (5 lines) Telegrams: Wandleside, London 
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We will be pleased to advise on any 
protection problem which you 





may encounter and are able to 


supply consistently pure, void 
free lead in the form of shielding, 





bricks, filling isotope containers 
and irradiated fuel element casks. 





Senn -E me 
with 


ENTHOVEN 











H. J. ENTHOVEN & SONS LIMITED. 
Smelters at Rotherhithe, London, and Darley Dale, Derbyshire. 


150 years experience of smelting and refining non-ferrous metals. 


Head Office : 
Dominion Buildings, South Place, London, E.C.2. 


Telephone : MONarch 0391 








Grams: Enthoven Phone London 


Contractors to the UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
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REMOTE HANDLING EQUIPMENT 
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|NUCLEAR EQUIPMENT LIMITED 
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Worried about Corrosion’ 





. then write for 
* these booklets 


These publications give information on the behaviour of 
nickel and Monel, Corronel 210, Ni-o-nel and Inconel corrosion 
resisting alloys when in contact with many different corrosive 
media. The results of research and practical experience in 
. both Europe and America are reported and many examples ( 
‘are shown of these materials in use in chemical plant. 








‘nabehsmapia pce iam, 


SEND THIS COUPON for copies of the particular 
CORROSION BOOKLETS you require. 

(Please tick in spaces provided) 
CORROSION-RESISTING CHARACTERISTICS OF WIGGIN | 
HIGH-NICKEL ALLOYS | 
WIGGIN NICKEL ALLOYS V. FLUORINE AND FLUORINE |] 
COMPOUNDS 
WIGGIN NICKEL ALLOYS V. HYDROGEN CHLORIDE AND | 


HYDROCHLORIC ACID AND CHLORINE 
WIGGIN NICKEL ALLOYS V. CAUSTIC ALKALIES 


NAME 





COMPANY & ADDRESS 


APPOINTMENT Or DEPARTMENT 


NP/CI1/12 
Re a oe Ses a ee a oe ee ee 


Wiggin publications help in the choice of suitable materials. Our 
\ corrosion engineers have accumulated data on the performance of 
* many metals and alloys in most of the corrosive environments met 
in industry. Advice and information are freely given. 


*Monel’, ‘Corronel’, ‘Ni-o-nel” and ‘Inconel’ are Registered Trade Marks. 


HENRY WIGGIN & COMPANY LIMITED 
WIGGIN STREET : BIRMINGHAM 16 .-6-. 


TGA Cll 
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Marine reactors 


SIR: In Messrs. Thomas and Lorge’s 
interesting article in your October 
number, they described the marine 
reactor designed by _ Rolls-Royce 
Limited which was first presented to 
the Galbraith Committee by Vickers 
Nuclear Engineering Ltd. 

The article gives a heat stream dia- 
gram showing that most of the heat 
passes through the reactor circuit 
without doing useful work, but rightly 
points out that the relative width of 
the streams depends on the datum. 













main 
turbines 
2 


high pressure 
water 
sea 


PWR heat stream diagram 


The figure above shows a similar dia- 
gram for a typical Pwr, the numbers 
showing approximate heat flow in 
Btu/h X 108, feed heating and all 
losses being neglected. It will be seen 
that the ratio of maximum heat in the 
stream for the shaft output is 100 for 
the pwr. In the Steam Cooled Reac- 
tor, using the figures in the article, it 
is less than 21. In Bwrs there may be 
natural or forced circulation, external 
or internal. In any case, the water will 
probably pass through the core five 
or six times. 

In theory, a BWR could be built as 
a once-through boiler but in practice 
this would be hazardous, Taking the 
maximum thermal efficiency that this 
type of reactor can give, the ratio of 
the total heat passing out of the core 
to the shaft outlet is about 36 to 1. 
The fact that the circulation may be 
inside the pressure vessel in the BwR 
and is external in the Steam Cooled 
Reactor, makes little difference pro- 
vided the heat insulation is good. 

Even the Gas Cooled Reactor driv- 
ing a gas turbine directly requires a 


VIE WPOIN TS letters to the Editor 


recuperative heat exchanger to get a 
reasonable efficiency and much of the 
heat, again like music in the song, 
goes roun’ an’ aroun’. Thus, almost 
invariably most of the heat passes 
through the reactor circuit without 
performing useful work but less so in 
the V.N.E. seaworthy reactor than in 
most other types. 

CAPTAIN H. F. ATKINS, 
Vickers Nuclear Engineering Ltd 


French oscillator research reactor 


SIR: In your Worldview article ‘ New 
Winfrith research reactor’, October 
issue, you state that Hector ‘is be- 
lieved to be the first (zero energy oscil- 
lator research reactor) in which oscil- 
lator measurements can be carried out 
over such a wide range of experimental 
conditions ’°. May I point out that the 
research reactor, Minerve, at the 
Centre d'Etudes Nucleaires’ de 
Fontenay-aux-Roses, went critical in 
October 1959 and was specially de- 
signed to perform cross section mea- 
surements on absorber or fissile 
materials by using the pile oscillator 
technique. 

The reactor, of the pool type, is 
also capable of carrying out measure- 
ments over a range of conditions com- 
parable to that of any power reactor. 
Neutron energy distributions are 
modified by changing the dimensions 
of the central sample-containing 
chamber or by packing the chamber 
with graphite or heavy water. 

R. VIDAL 
Service des Experiences Critiques 
Centre d'Etudes Nucleaires 


Eldorado Mining and Refining 


SIR: I should like to enlarge upon 
a small news item in your October 
issue: ‘Canada—Eldorado Mining 
and Refining Limited’s mine has been 
closed down’. 

So that your readers may not be 
misled into thinking that our com- 
pany is no longer engaged in the min- 
ing of uranium, I hasten to explain 
that it still operates a large mine and 
mill in the Beaverlodge area of 
Northern Saskatchewan and is a lead- 
ing Canadian producer of uranium 
yellow cake. 

Eldorado’s smaller mine and mill 
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at Port Radium on Great Bear Lake 
in the North West Territories did 
close down because economic ore 
reserves had been all but exhausted. 
Incidentally, this mine, in operation ° 
since 1930, was the oldest uranium 
mine on the North American conti- 
nent and provided, during its early 
history, radium which broke the 
Belgian monopoly on this commodity 
and, later, much of the uranium so 
vital to the early atomic energy devel- 
opments. 

Eldorado Mining and G. C. BROWN 
Refining Limited MANAGER 
Port Hope, Ontario 


AGR liaison 


SIR: I was very surprised to see in 
your November issue comments by 
Gracchus on the release of informa- 
tion by the AEA to industry on the 
Advanced Gas Cooled Reactor sys- 
tem. I am not sure whose cause 
Gracchus intended to champion: 
surely it could not be that of the 
Consortia who collaborate with the 
AEA on gas cooled reactors. At regu- 
lar meetings of the Consortia and the 
AEA, many problems of the AGR, par- 
ticularly the fuel elements and gra- 
phite, are discussed in detail and ad- 
vance information passed over. The 
flow of information is not one way. 
The Consortia are working on the 
solution of some of these problems, 
either at their own expense or under 
contract from the AEA, and are mak- 
ing a useful contribution to the devel- 
opment of the system. In addition to 
the regular meetings, continuous con- 
tact is maintained between the parties 
on all important matters. Also, the 
Consortia have seconded engineers to 
the AGR team at Risley to work on 
specific plant items. 

The exchange of information may 
not be perfect—what system is?— 
but there is very little that a respon- 
sible engineer could criticize. 

The Nuclear Power Group S. A. GHALIB 


GRACCRHUS writes: I was champion- 
ing no one but simply recording a 
feeling I had noted in some (respon- 
sible) sections of industry, Other per- 
sons have rushed to champion the 
AEA’s liaison on the AGR and it 
appears the majority are happy with 
existing arrangements, 
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UNISTRUT 


AT THE BBG WOOD LANE TELEVISION CENTRE 


~. 


In a building which through its circular form presented a 
number of installation problems, a new type of Unistrut cable 
traying arm and the familiar concrete insert (over 3 miles of 
which have been used throughout the buildings) provide 
further examples of the versatility of Unistrut. 

The traying arms support many miles of coaxial cable carry- 
ing sound and vision signals from the nine studios within the 
centre and from outside sources including Eurovision. The 
cables descend at frequent but irregular intervals, often in 
batteries of 400 at a time, to the various equipment bays. 


MAXIMUM EASE OF ACCESS 


The new Unistrut cable traying arms allow closer spacing 
with greater ease of access than standard arms previously 
available, and are suspended from the building structure 
using standard Unistrut channel and self-locating nut 
assembly for speed and rigidity. 





Unistrut cable traying arms suspended 
on Unistrut channel from ceiling. 








Tne 250 yd. ring duct under construction. 
Unistrut concrete inserts were built in at this stage. 


RING DUCT WITH CONCRETE INSERTS 


Main services are carried below the building in a ring duct 
approximately 250 yards long with Unistrut concrete inserts 
embedded, at 2 ft. centres, during the pouring of the concrete. 
This eliminated the need to pierce for the thousands of fixings 
required; the cables resting on Unistrut components bolted 
directly into the inserts—again using the rapid, easily- 
aligned self-locating nut assembly. The inserts are able to 
carry a total U.D.L. of about 800 tons, thus limiting the cost 
of any future expansion required. 


UNISTRUT FOR ALL SUPPORT PROBLEMS 


For information on the Unistrut system in relation to all 
support and framing problems—from pipe and cable running 
to the erection of partitions and even complete buildings, 
please write to the address below. 


@xi) UNISTRUT DIVISION OF SANKEY-SHELDON LTD. — 0 sroadwater Road, Welwyn Garden City, Hert 
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New drive on magnox reactors 
THE NEW DETERMINATION of the Central Electricity 


Generating Board to insist that its ‘invitations’ to each 
of the Consortia to submit a fully detailed tender for each 
future magnox nuclear power station be regarded as 
compulsory, seems to represent its first reaction to the hold- 
up on the Advanced Gas Cooled Reactor. Though the 
Atomic Energy Authority continues to battle grimly with 
its recalcitrant system and has overcome some of the more 
formidable technical problems, each of its succeeding cost 
estimates reduces the AGR’s advantage over the magnox 
reactors. 

These technical set-backs, coupled with those which have 
arisen with the first round stations, have made responsible 
engineers ponder a little more deeply on the paradox that 
‘obsolescent” though the commercial magnox reactor 
may be, nobody has yet operated one. From this stems the 
CEGB’s decision to wait for operating experience with the 
Windscale aGR before building a commercial project, and 
from the narrowing of the cost gap between magnox and 
advanced gas cooled reactors stems a realization that the 
gap might be closed altogether. The CEGB has therefore 
decided, logically enough, on an intensified drive to get the 
utmost out of the magnox reactor system and thinks that 
the way to do this is to keep the design teams in the 
Consortia with their noses down to detailed tendering: to 
prepare a complete tender ties up a design organization 
for a year, and one station a year is the programme. 

For the CEGB, which after all is in business to 
produce electric power, this attitude makes sense, but in 
the context of the broad advance of atomic energy in the 
UK it has one or two unfortunate aspects. The CEGB 
refuses to establish an official ‘rota’ for its contracts, 
preferring instead the delicate, ambiguous, but workable 
gentleman’s agreement whereby each Group gets a contract 
roughly in turn, provided its design is up to scratch. But 
it seems a pity that no other way can be found of ensuring 
that the Groups maintain their maximum effort. Industry 
may be compensated for unsuccessful tenders, but this is 
merely a matter of book-keeping: it does not redeem the 
wasted effort. Is it certain that designs would not advance 
just as rapidly if, for example, the civil side of the tenders 
were not so detailed? It is a sobering thought that with so 
many technological problems requiring urgent investiga- 
tion, hundreds of thousands of pounds a year are being 
spent in the United Kingdom in preparing abortive bills 
of quantity. 
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A material problem 


THE SUCCESSFUL EXPLOITATION of nuclear energy 
depends to a great extent on the ability of our engineers 
and physicists to develop new materials and extend the 
range of well tried ones to new and more exacting require- 
ments. The problems, especially those connected with neu- 
tron economy and radiation hazard, together with the 
marginal economics, makes the search exciting and stimu- 
lating. Factors militating against successful development 
might simply be due to bad organization or lack of com- 
munication. This month, for example, comes the news that 
the first loading of the aGR will be only 20% beryllium 
canned; as recently as last May the AEA was talking 
in terms of 80% beryllium. One has to ask if this is an 
example of technological setback, production difficulties, 
or possible failure to take adequate note and advantage of 
advances made in other countries? 

The present state of knowledge of materials used and 
their potential use in the nuclear industry is reviewed 
in this issue. It is a truism that advances can only be 
expected if they are backed by adequate experimental 
facilities; it is a fact, however, that none of the UK 
groups have irradiation facilities of their own. This lack, 
for instance, has been particularly felt by one firm in 
respect of the development of protective coatings for 
graphite used at high temperatures. In this case, however, 
it was found possible to devise test experiments without 
the use of full-scale irradiation facilities. Nevertheless, 
there are bounds to such ingenuity. 

Some of the difficulties in this direction will be partially 
alleviated with the commissioning of Berkeley and Brad- 
well in the coming year. These two stations will in fact 
provide the CEGB with what amounts to two irradiation 
laboratories. The use of the Trawsfynydd pressure vessel 
to test electric furnace steel is another example and 
emphasizes the long-term nature of some of the prob- 
lems. The behaviour of some materials will not be 
adequately known until they have been used in reactors 
for some time and this is not only true of the fuels, clad- 
ding, and coolants etc. for advanced systems. The be- 
haviour of metallic uranium and magnox will only be 
adequately tested when the civil stations are running suc- 
cessfully, for some doubts have already been thrown on 
the adequacy of the fuel elements for these reactors. 
This is not entirely a materials problem but serves to 
show that design is more closely related to materials limi- 
tations than in many other fields. 
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the month in atomic energy 





Consortia ask CEGB for compensation 


London Ina new drive to reduce capital 
costs of magnox power stations to the 
minimum, the Central Electricity Board 
has asked each of the consortia to submit 
fully detailed tenders for future power 
stations, starting with Oldbury. This will 
end the practice previously followed by 
some groups of either missing out 
altogether on some projects or submitting 
a ‘token’ tender without full details on, 
for example, the civil engineering side. 
The groups have replied with a formal 
request for compensation and the whole 
matter is being negotiated. 

Payment of compensation has arisen 
because the groups’ research and devel- 
opment departments will have to spend 
most of their time on tendering and also 
because of the high cost of detailed ten- 
ders. A CEGB spokesman told Nuclear 
Power: ‘This matter has been brought 
up by the consortia and is under con- 
sideration’. No sum has yet been fixed 


though £100,000 has been mentioned. 

Meanwhile, it is reported that difficul- 
ties over the Advanced gas-cooled reac- 
tor could lead to the ninth CEGB station 
being magnox (Oldbury is the seventh 
station). The CEGB’s rethinking on 
tenders and magnox stations is thought 
to be linked with this. One problem with 
the AGR is the canning material for fuel 
elements. The original concept envisaged 
beryllium canning. However, during the 
past year, the Atomic Energy Authority 
announced that some fuel elements in 
the first loading would be stainless steel 

a heavier absorber of neutrons than 
beryllium, and a material having low 
thermal conductivity. In May this year, 
an 80% proportion of beryllium canned 
elements was given by the AEA for the 
first AGR loading. But in a recent state- 
ment to Nuclear Power, the proportion 
of beryllium canned elements for the first 
loading was given as 20%. 


Kahl BWR reactor goes critical 


Frankfurt The first West German nuclear 
power station to come into operation 
is the 15 MW Kahl plant which went 
critical on November 13. Initially, the 
reactor will be tested at power levels up 
to | MW. It will then be operated at 
about 50°% of capacity for three months 
during which a series of tests will be 
carried out. The rest of the fuel will 
then be loaded and the reactor brought 
up to its full capacity. 

General Electric of the United States 
designed and provided the single-cycle 
boiling water reactor for the plant. Its 
fuel consists of 6°6 tons of slightly en- 
riched (2°6°%) uranium dioxide contained 
in 88 fuel element assemblies. These, 
plus 12 spare fuel element assemblies, 
were built by GE at its California plant. 
Main contractors for the Kahl station 
are Allgemeine Elektrizitaéts-Gesellschaft 
(AFG) and Hochtief AG. Capital cost of 
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the station is put at 35 million D-marks 
and it will be owned (80%) by Rheinisch- 
Westfalisches Elektrizitatswerk (RWE) 
and (20%) by Bayernwerk, two large 
West German utility companies. 


HTGC shows promise for 

marine propulsion 
London Studies into nuclear power for 
ships by the’ British Shipbuilding 
Research Association team at Winfrith 
are promising, according to Sir James 
Milne, chairman of the council of the 
Association in his summary of the body’s 
annual statement. Members of the Asso- 
ciation’s research team, also stationed at 
Risley, have been looking into the possi- 
bilities of the high temperature gas- 
cooled, graphite moderated reactor. 

“It appears probable that the AEA 
will apply more effort to consideration of 
this type of reactor,’ said Sir James. 
























e Belgium Under a recently signed 
nuclear co-operation agreement, nuclear 
products will be shipped to Mexico. 


@ GATT Negotiations on_ reciprocal 
tariff reductions applying, amongst others, 
to reactors and components, are expec- 
ted to begin in Geneva early in 1961. 


@ QEEC The Convention on Third 
Party Liability in the field of nuclear 
energy has been signed by 16 countries. 


East German station proceeds 
Berlin Work is expected to be completed 
in 1962 on the German People’s Repub- 
lic’s first nuclear power station, accord- 
ing to a report from the Scientific and 
Technical Bureau for Reactor Construc- 
tion in East Berlin to Nuclear Power. 

This states that the station at Neuglob- 
sow (Rheinsberg) will have an output of 
70 MWE and will use UO, enriched up 
to 1:5°% in pellets canned in zirconium 
with light water as coolant. 





BERKELEY TURBINES Delivery of the 
first fuel elements for Bradwell and 
Berkeley nuclear power stations has 
begun. The stations are near comple- 
tion and the turbine hall at Berkeley 
(below) is practically finished 



































































































WORLDVIEW 


© Northern freland The Government 
are still looking for a coastal site for a 
nuclear power station as the Lough 
Neagh site has been ruled out for health 
and safety reasons. 


Isotopes from power stations 


London A Bill to allow radioisotopes to 
be produced at the Central Electricity 
Generating Board’s nuclear power sta- 
tions has received its first formal read- 
ing. Called the British Electricity (Amend- 
ment) Bill, it seeks to amend the 1957 
Electricity Act, Irradiation of cobalt to 
make Cobalt-60 is the most likely method 
that will be used. Additional capital out- 
lay involved under the Bill is not expec- 
ted to be more than £250,000. 


se 
HERO REACTOR ‘Sections of the pres- 
sure vessel for the Hero reactor are 
now on site. This Hot Experimental 


Reactor, Zero Energy, is being built at 
Windscale 


French growth slows 


Paris A period of consolidation is ahead 
for the French nuclear industry and 
future growth will be slower than in the 
past, says the Commissariat 4 l’Energie 
Atomique’s annual report. 

Reactor systems to be investigated in 
the future will be: natural uranium 
fuelled and moderated by heavy water; 
plutonium breeders and marine reactors 
using enriched fuel. In addition, the re- 
port says that to meet military purposes, 
the building of uranium processing plants 
previously studied, will start this year 
and will be completed in the period 
1964-66. First results of comparative 
studies of the heat transfer properties of 
British type polygonal fuel element cans 
and French chevron type cans has shown 
a slight superiority in favour of the lat- 
ter, the report adds. 

It will be necessary, the report says, 
to wait until perhaps after 1970 before 
nuclear power will become competitive in 
France. This was partly because of the 
influx of natural gas from the Sahara 
and the consequent need to make another 
comparative cost study. Because of this, 
research had to be undertaken to enable 
France to take full advantage of the 
future large-scale use of nuclear energy. 


74 


First UK University reactor licence 


London Following the Minister of 
Power's approval of a licence to Queen 
Mary College, University of London, to 
install a research reactor, Liverpool and 
Manchester universities have expressed 
interest in the Jason Mark III reactor to 
be supplied to the college. 

The Jason Mark III, likely to be the 
first university reactor to be installed in 
London, is made by Hawker Siddeley 
Nuclear Power Company. It has been de- 
signed to meet the special requirements 
of the Queen Mary College Department 
of Nuclear Engineering for a reactor to 
act as a source of neutrons to drive fuel 
element lattice experiments and is capable 
of driving three such experiments at the 
same time. 


German ship tenders invited 


Bonn Tenders for the construction of 
W. Germany’s first nuclear ship have 
been invited by Gesellschaft fiir Kern- 
energieverwertung in  Schiffbau und 
Schiffahrt of Hamburg. This company 
consists of industrial, scientific and Land 
Government representatives. Eleven ship- 
building concerns are competing for the 
tender which is for an experimental 
vessel. 

The choice of vessel is left to the 
builders—tanker, ore carrier or passenger 
ship. The power has been fixed at 10,000 
shp and the Hamburg company is think- 
ing along the lines of a 22,000 tons unit, 
177 meters long. A major requirement is 
that the reactor compartment and link 


The site licence is the first granted 5y 
the Minister of Power for erecting a 
low-powered—10 kW—reactor in a bu It- 
up area. Mr, Richard Wood, the M n- 
ister, said the Nuclear Safety Advisory 
Committee had advised him that so lcng 
as the site, housing and design and 
operation of the reactors fully satisf.ed 
certain basic conditions, they could be 
safely permitted in built-up areas. 

In an explanatory statement, the M n- 
istry of Power say factors affecting safety 
must be considered for each individual 
project. As far as siting is concerned, it 
is not suggested that approval be given 
to all proposals; the advice is that a 
proposal should not be ruled out merely 
because it is sited in an urban area. 


up must be so designed that the reactor 
will be easily removed and replaced. 
At present, it is planned to test a reac- 
tor in the vessel and, on completion of 
the experimental work, to replace it by 
another type. The Hamburg company, 
together with Interatom, is designing an 
organic moderated reactor and recently 
received a further credit of 3,280,000 
D-marks from the Minister of Atomic 
Affairs for financing current design study 
work. This brings the total grant from 
the government to meet costs incurred in 
developing and building this reactor by 
Interatom, to 5,500,000 D-marks. It is 
not yet known which type of reactor will 
be first installed in the proposed ship. 





HOT CAVES Construction work is well advanced on one of the five bays off the 
main corridor of the hot caves being built in the No. 2 Windscale Pile blowerhouse 
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*‘DREADNOUGHT’ LAUNCHED 
‘Dreadnought’ glides down the slipway after being launched at Barrow-in-Furness 
by Her Majesty The Queen late in October 


@ United Kingdom Because of a minor 
fire at Imperial Chemical Industries’ 
beryllium plant at Witton, full-scale pro- 
duction has been suspended while modi- 
fications are being carried out. 


@ Bulgaria Construction of the IRT- 
1000 research reactor at the Institute of 
Physics is nearly complete. 
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nuclear-powered submarine 


e Netherlands Reactor Centrum Neder- 
land, whose Jason research reactor went 
critical recently, has now put the reac- 
tor into operation. 


@ IAEA More than 175 scientists took 
part in the symposium on Chemical 
Effects of Nuclear Transformations held 
in Prague recently. 


Oldbury station approved 


London Despite the long delay (18 
months) in obtaining consent from the 
Minister of Power to build the 550 MW 
Oldbury nuclear power station, the Cen- 
tral Electricity Generating Board say 
completion in 1966 will still be possible. 

The contract for preliminary works 
will be let soon and work will start 
almost immediately. Tenders for the sta- 
tion, the seventh nuclear power station 
for which the CEGB has received con- 
sent, will probably be invited early next 
year. 

The Oldbury site covers 180 acres, 
sufficient to permit extension, if required. 
Advantage will be taken of a rock shelf 
in the River Severn to create an artifi- 
cial 350 acre tidal reservoir to impound 
water at high tide to use for cooling 
purposes. Application for consent was 
made in April last year and a public 
inquiry held a year later. The site is by 
the Severn Estuary, 44 miles from the 
Berkeley station. 


Credits for French industry 


Paris Credits totalling 2175 million new 
francs are to go to the French nuclear 
industry for development work from the 
Government. Of this total, 935 million 
francs are for military purposes. 

Announcing this, M, Pierre Guillau- 
mat, Minister-Delegate at the Premier’s 
Office for Atomic Energy, said work 
under way included an expansion of ore 
processsing facilities to give uranium pro- 
duction of 1300 tons by 1962. Design 
studies in hand included one on a marine 
reactor for submarines or for merchant 
vessels, 





OVERSEAS 


US to build molten salt reactor 


Oak Ridge A molten salt type fluid fuel 
reactor experiment to investigate ad- 
vanced reactor concepts having potential 
advantages for electrical power produc- 
tion is to be built at the National Lab- 
oratory here. 

The reactor, the MSRE, is being de- 
signed as a 10MWt reactor though 
routine operation will be at about 5 MW. 
No electrical power will be produced. 
Instead, the heat will be dissipated to 
the atmosphere through a secondary heat 
exchanger. Operation is scheduled for 
spring, 1963. 

Molten salt fuels (fused fluoride salts 
containing uranium and thorium) were 
originally designed for use in compact, 
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high temperature, high power density, re- 
actors necessary for nuclear aircraft pro- 
pulsion. The present programme will 
investigate the possibility for civilian 
power purposes, It is said to offer poten- 
tial economic advantages of excellent 
steam conditions and high efficiency 
through operation at very high tempera- 
tures. As the fuel is in solution, con- 
tinuous removal of fission poisons is 
possible. 

Early in 1954, a reactor of this type 
known as the Aircraft Reactor Experi- 
ment was operated for a short time at 
Oak Ridge but later was dismantled. In 
mid-1959, the AEC announced it was 
‘ re-orientating ’ its fluid fuel programme. 






® United States Nine reactor safety 
fuses have been built by Atomics Inter- 
national for the General Dynamics Mari- 
time gas-cooled Reactor Critical Experi- 
ment. 

@ Formosa Michigan University is to 
help the Tsing Hua Institute of Nuclear 
Science set up and operate its first re- 
search reactor. 

e@ India ‘Apsara’, India’s first research 
reactor, is working again after a close- 
down for maintenance after four years’ 
operation. 


Urals plant nears completion 

Moscow Construction work has_ been 
completed on the Pishchma River dam 
which will provide cooling water for the 
Byeloyarsk nuclear power station in the 
Urals. Work on the turbine hall for the 
400 MW station has also been completed. 
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‘WORLDVIEW 


Fuji Electric invited to tender 

for Indian station 
Tokyo The Indian Atomic Energy Com- 
mission has formally invited the Fuji 
Electric Company to tender for the con- 
struction of the 300 MW Tarapur nuclear 
power station, the Japanese company has 
stated, 

Fuji Electric is a member of the 25 
company First Atomic Power industry 
Group (FAPIG) which is working as the 
sub-contractor for the Tokai-Mura 
station being built by the GEC. The 
Group have said they will co-operate 
with the GEC over building the Indian 
station, if the contract were secured. 
(See Worldview, October, p 72). 


Canadian OMR gets approval 
Ottawa Atomic Energy of Canada Ltd 
has approved a programme to design an 
organic-cooled reactor. Expenditures of 
about $100,000 a month will be made 
on the study during the next six months 
in addition to a previous outlay of 
$600,000 for a design study of organic- 
cooled plants. 

Atomic Energy of Canada hope that 
the study, if successful, will allow it to 
recommend such a reactor for the new 
Whiteshell Nuclear Research Establish- 
ment being built near Winnipeg. 


Brazil’s second research reactor 


Rio de Janeiro A Triga research and 
training reactor at the Engineering 
School of the University of Minas 
Gerais, Belo Horizonte, has gone critical. 
It is the first Triga to operate in South 
America and together with a research 
reactor installed at Sao Paulo University, 
will train Brazilian technicians for what 
is hoped to be the start of an atomic 
power industry in the country within five 


years. 





AUSTRALIA'S HIFAR Part of the 

auxiliary plant-room and offices of the 

Australian AEC’s High Flux Australian 

Reactor (Hifar) is pictured below with 

one of the eight cooling towers in the 
foreground 



























































FRENCH STATIONS AT CHINON The two nuclear power stations being built 

by Electricité de France (EDF) along the Loire River are progressing smoothly. 

At left are the two heat exchangers for EDF-2 and in the background are EDF-| 
buildings with a water tower on the extreme right 


(UP phot 





Agreement on McKinney 


Washington Agreement with the McKin- 
ney recommendations for closer North 
American-Western European nuclear co- 
operation has been voiced by Senator 
Clinton Anderson, chairman of the Joint 
Committee on Atomic Energy. He was 
commenting on points in the report ‘ Re- 
view of the International Atomic Policies 
and Programmes of the United States’. 

Senator Anderson stated that it was his 
feeling that the report’s major findings 
of fact would stand. It would, he was 
certain, be given thorough consideration 
in the next session of Congress. He 
agreed with the recommendations that 
there should be mutual agreement at 
policy-making levels among friendly 
nations of North America and Western 
Europe and that there should be close 


@ Brazil Two British engineers, J. Wood- 
field and M. Ratcliffe, were killed in a 
helicopter crash near Rio de Janeiro. 
The two men were employed by Kennedy 
& Donkin, London, who are helping to 
prepare specifications for the Mambu- 
caba nuclear power station. 


e Australia The first of four nuclear 
power stations planned for Antarctica 
should be operating next year, Rear- 
Admiral H. A. Karno of the US Navy 
said in Melbourne recently 


@ Iraq The Economic Planning Board 
has authorized the signing of contracts 
for building a 2MW research reactor 
and an isotope production facility. These 
will be provided under the Iraq-USSR 
agreement. 


@ Pakistan An_ institute of nuclear 
sciences and technology is to be set up 
at the new capital, Islamabad. 


® Venezuela Surveys of mineral deposits 
in Andean regions have resulted in some 
uranium deposits being found. 


report 


and frequent working relationships be- 
tween the countries concerned. 

He added that perhaps the Review's 
greatest impact outside the field of 
atomic energy as such would be in the 
broad area of East-West technical and 
cultural exchanges (see Worldview, Sep- 
tember, p. 89). 

The Review's findings, conclusions and 
recommendations are contained in a 
brief 96-page report, supported by 2000 
pages of documentation in four back- 
ground volumes, Volume I may be ob- 
tained from the Joint Committee on 
Atomic Energy, Room F-88, the Captitol, 
Washington 25, DC. Copies of Volumes 
2-5 may be purchased from the Super- 
intendent of Documents, Government 
Printing Office, Washington 25. 


Aircraft test reactor being 
planned by Pratt & Whitney 


East Hanford, Conn. ‘ Significant studies ’ 
in the development of an indirect-cycle 
system for a nuclear-powered manned 
aircraft are being made by Pratt & 
Whitney Aircraft division of United Air- 
craft Corporation. According to Colonel 
William A. Tesch, chief of the Aircrafts 
Project Branch of the Aircraft Nuclear 
Propulsion Office, research has _pro- 
gressed to the point where present Pratt 
& Whitney plans include the fabrication 
of an experimental ground test reactor 
to prove basic materials and compounds 
Colonel Tesch was writing in the current 
issue of Air University Weekly. 

In the indirect cycle’ system, a liquid- 
metal coolant carries nuclear heat from 
the reactor to a radiator in a turbo-jet 
engine where the heat is exchanged to 
the air to produce thrust. 

@ Malaya Plans for installing a research 


reactor are being considered by the Uni 
versity of Malaya’s Faculty of Science 
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Grenoble Electrostatics Conference 


THE GRENOBLE International Collo- 
quium, said to be the first international 
conference devoted entirely to the sci- 
ence of electrostatics, covered the gener- 
ation of electrical power by electrostatic 
means and the applications of these 
machines, It was held from September 
24-October 1 under the auspices of the 
Centre National de la Recherche Scien- 
tifique and, with the presence of Profes- 
sor N. J. Felici, holder of the chair of 
Electrostatics at Grenoble University, 
proved a natural meeting place for the 
120 physicists and engineers who 
attended. 

Appropriately, the lectures were inau- 
gurated by a talk by Professor Felici on 
the types of electrostatic generator and 
his hopes for the next generation of elec- 
trostatic machines, This, in conjunction 
with a talk by Professor John Trump, 
Massachusetts Institute of Technology, 
indicated in broad outline the scope of 
present possibilities and the problems of 
the future. There are two types of elec- 
trostatic generator in current use: the 
Van de Graaff belt type machine and 
the Felici insulating transporter cylindri- 
cal machine. Briefly, for high voltages 
and very low currents, the Van de Graaff 
is better and for low voltages (below 
one million volts) and higher currents 
(up to 50 mA’s) the Felici machines are 
better. For long term continuous run- 
ning, the cylinder machine is more re- 
liable but in its present state of develop- 
ment it cannot provide the very high 
voltages or current that may be required. 

Professor Trump discussed a further 
type of electrostatic generator, the disk 
machine, This is not a new development 
and on show at the Colloquium was a 
very early disc type generator built in 
the late 1940’s at Grenoble. This type of 
design has the greatest development pos- 
sibilities. 

Several papers were presented which 
discussed the application of this type of 
electrostatic generator for ion propul- 
sion. Considerable research is being car- 
ried out both in France and the U.S.A. 
on electrostatic machines for this pur- 
pose. The design of a generator deliver- 
ing 1250 kW at 200 kV is being studied 
at HVEC in Massachusetts. Parallel 
Studies are proceeding in France, The 
future development of the cylinder 
machine is being studied to increase the 
currents available and other dielectrics, 
including various liquids, are being 
Questioning elicited visualised 
requirements of 100 kV at 100 mA’s to 
| Mev at | amp, but no concrete sugges- 
tons as to how this might be achieved 
Were agreed, 


studied, 
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Of particular interest on the nuclear 
side were the neutron generators capable 
of delivering fluxes of neutrons up to 
10" neutrons per second, Continuous 
development aimed at greater fluxes with 
smaller machines is being carried out. 

To sum up, the position of the electro- 
static generators at the present time is 
not easy. Both the French and American 
experts expressed faith that the present 
machines are the first in a field capable 
of great development. Discussion gave 
glimpses of actual development models in 
course of construction at the present 
time. Whether certain fundamental diffi- 
culties will obstruct this advance or 
whether new techniques wili emerge 
remains to be seen. Whatever happens, 
great resources of money and labour will 
have to be made available. 

The remainder of the lectures dealt 
with the applications of electrostatic 
machines. Two very interesting lectures 
were given by Dr Allen, UKAEA, 
Harwell, and Mr _ Julian, UKAEA, 


Aldermaston. These two lectures de- 
scribed the remarkable achievements of 
the staff of the AEA in constructing two 
12 Mev Tandem accelerators which have 
now been in operation for the last year. 
The many problems which they encoun- 
tered and overcame were discussed and a 
resumé of the experimental work carried 
out, both in the design of the machines 
and their subsequent usage, was given. 

Future applications in the nuclear field 
would appear to lie with neutron sources 
of higher fluxes than at present available. 
If fluxes of the order of 10*-10" neu- 
trons per second could be produced 
economically, there would be a demand 
from those at present forced to use reac- 
tors for activation experiments, There is 
some argument as to what an economic 
figure might be but there is a real hope 
that an accelerator working at, say. | 
MeV, 4mA’s of ions in the beam of a 
beryllium target could produce a flux 
of 10° neutrons per second, From pre- 
liminary inspection, it was severally 
agreed that the price of such a machine 
might be very attractive vis-a-vis a small 
reactor. A 1 MeV accelerator and a high 
current ion source of this type was shown 
to the members of the Colloquium. 


W. German plans for 1961 


Bonn Special expenditure amounting to 
21,150,000 D-marks (£1-8 million approx.) 
has been provided for help in 1961 in 
planning and building experimental/ pro- 
totype reactors under the 1961 draft 
budget presented to the Bundestag by the 
Federal Minister for Nuclear Energy, Of 
the total earmarked for 1961, 9,650,000 
D-marks have already been granted. 
From 1956-60, the West German 
Atomics Ministry made_ . available 
196,025,000 D-marks for promotion and 


development of nuclear technology and 
research of which 43 million D-marks 
were for the planning and construction 
of experimental reactors. 

The money allocated for 1961 can be 
used as advances, loans or contributions 
and in presenting the 1961 budget for 
186 million D-marks, the Ministry say 
that as design and construction are ex- 
pensive and, for the time being, unecon- 
omic, the Government should partly 
finance design and construction work. 





Total Govt. 
costs grant 
Design (1000 (1000 
Reactor t) pe period DM) DM) 
Heavy water 
pressure tube 1959-62 14,560 1200 
Gas-cooled 
Natural 
uranium 
BWR 
with nuclear 
conventional 
superheat 1959-61 9600 =800 
PROPULSION REACTORS 


1959-61 9850 = 800 


OMR 1959-61 7500 =1000 
BWR 1960-61 3000 = 825 
(ist stage) 

PWR 1960-61 3000 S25 


CONSTRUCTION OF 
STATIONARY POWER 


REACTORS 
construction 
period 
1S MWe 
high temp. 1959-63 40,000 4500 
50 MWe 
multi- 


purpose undecided 100,000 S000 





Reactor Project Costs 


SMALL AND MEDIUM REACTOR 
DEVELOPMENT—1960-62 


1. High temperature reactor with 
homogeneous fuel elements in imper- 
vious graphite sheaths linked with a 
gas-turbine—S to 20 MWe. | 

Advanced gas-cooled reactor with 
slightly enriched uranium — fuel— 
35 MWe. 
3. Organic moderated and _ cooled 
reactor—25 to 35 MWe. 
4. BwR- with nuclear 
25 MWe. 
5. Mobile small agg plant using a 
PwR—2 to 10 MW 

Cost of seinen ‘and development 
and experimental work for projects 
1—4 is put at 20 million D-marks each. 
After preparatory work, prototype 
reactors will be built if these projects 
appear worth developing. uilding 
costs are put at 35 million D-marks 
each with Federal contributions fore- 
seen for 1961 as 6 million D-marks. 

OTHER DEVELOPMENTS 

Federal contribution 500,000 DM. 


superheat 



























AEC financial 


for 1960 


Expenditure increases 


AN INCREASE in revenue from sales 
and materials and services for the 1960 
financial year of $6 million (£2-25 mil- 
lion approx.), from $9M in 1959 to $15M 
in 1960, is shown in the US Atomic 
Energy Commission’s financial report for 
the year ending June 30, 1960. The main 
increase came from source and special 
nuclear materials where revenue increased 
by nearly $3 million: 

The net cost of operations in 1960 
rose by just over 5% compared with the 
1959 figure. This is less than the 1959 
increase over 1958 which was 9° and 
reflects a steady increase of expenditure 
on all items with the exception of naval 
and aircraft propulsion reactors. 


Industrial power 


In its Power Demonstration Reactor 
Programme, the AEC co-operates with 
ten private and public organizations. Its 
plan bore fruit during the year when the 
Yankee Atomic Electric Company’s 
136 MWe pressurized water reactor be- 
came critical on August 19, 1960, be- 
coming the first nuclear power plant 
under the programme to achieve criti- 
cality. One of the reactors scheduled to 
go critical in the near future is that being 
built by the Power Reactor Development 
Company of Michigan. Its Enrico Fermi 
94MWe developmental fast neutron 
power breeder was scheduled for com- 
pletion this month (late December). How- 
ever, the pending appeal to the Supreme 
Court over the decision against the AEC 
over the granting of a licence to build 
the plant may delay matters. 

The Elk River (Rural Co-operative 


other 
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Power Association) plant is also due 
to go critical soon. This is a 22 MWe 
closed cycle boiling water reactor with 
superheater. 

The report further notes that the US 





MAIN POINTS 


1. Procurement and production of 
nuclear materials provided the 
major part of costs. In 1960 these 
cost $14 thousand million or 55% 
of total operating costs. 

2. Development of power and pro- 
pulsion and other reactor research 
cost $399 million (£142 million 
approx.) against 1959 costs of 
$356M (£127M). 

3. Value of materials leased 
domestically and overseas totalled 
| $99M (£35M) against $72M (£26M) 
| in 1959. 

| 4. Of the $133M (£47M) spent on 
physical research, $32M (£12M) 
| was for controlled thermonuclear 
| 

| 





research and the same amount for 
high energy physics. 

5. Costs of research into effects of 
radiation in the environment on 
living organisms were $49M 
(£18M) compared with $43M 
(£16M) in 1959. 

6. Total cost of production of spe- 
cial nuclear materials to meet the 
weapons’ production schedule, 
other military needs and peaceful 
requirements increased in 1960 to 
$731M (£260M), or 2:5% increase 
over 1959. 

(Note: The UKAEA estimates for 1960-61 
provide for a net expenditure of £93,293 000) 











Government has invested some $22,210-1 
million in the nuclear programme in the 
period June 1940 to June 1960. This 
figure includes appropriations for the 
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Basic research 


war effort (including the Manhattan 
Engineer District Project) and for the 
Commission in the post-war years. 


Fuel costs fall again 

While the total quantity of uranium 
concentrates purchased in 1960 increased 
by 4% over 1959, foreign purchases re- 
mained at the 1959 level. In addition, 
the average cost of U-308 fell by 15 
cents to $10-19 per lb. Prices paid to 
suppliers for U-308 produced in privately 
owned domestic mills averaged $8-78/lb 
in 1960 against $9-18 in 1959. 

The total cost of production of special 
nuclear materials including uranium-235, 
plutonium and other materials to mect 
the weapons production schedule, other 
military needs and the requirements for 
peaceful uses of atomic energy increased 
in 1960 to $731M compared with $713M 
in 1959, an increase of 2:5%. Although 
the total cost increased, the unit cost of 
production continued to decrease in 1960 


Basic research 

The major areas under study included 
basic investigations of the laws of nature, 
including nuclear interactions at high 
energies, the effects of irradiations on the 
behaviour and properties of materials 
and research effort to harness thermo- 
nuclear energy. There was increasing em- 
phasis on the latter. Costs of high energy 
physics increased by 17%, over 1959 with 
the major effort centring around attempts 
to learn as much as possible about the 
fundamental properties of nuclear matter 
through research with high energy par- 
ticle accelerators. 


Material and services sales 

Sales of source and special nuclear 
materials together with heavy water sales 
brought in more income in 1960 than 
the total from all items in 1959. 

Radioisotope sales amounted to $2°4M 
against $2:°5M in 1959 while foreign 
sales decreased to $391,000, six per cent 
less than in 1959. The dollar volume of 
sales has levelled off due to substantial 
reductions in recent years in the most 
popular radioisotopes such as Cobalt-60, 
Iodine-131 and Carbon-14. 


1960 
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When selecting a material, the nuclear engineer has to 


consider not only its ‘ conventional’ properties but also a 
set of parameters such as neutron absorption, atomic weight 
and behaviour under irradiation which puts many well-known 
materials in an entirely different light and stimulates the 
development of new forms. In this survey the authors give 
a brief picture of each material as it appears to a reactor 
designer and endeavour to answer the question ‘ where do 


we go from here?’. 


MATERIALS IN ATOMIC ENERGY 


General Editor Prof. J].G. BALL, B.Sc., FIM, Imperial College 


FUELS 


URANIUM 


UNALLOYED metallic uranium still 
has potentialities in power-producing 
reactors and consequently a great 
deal of research has been, and is be- 
ing, directed towards examining and 
understanding its properties. For ex- 
ample, due to out-of-pile experiments, 
the effects of thermal cycling both in 
the alpha phase region and through 
the alpha-beta transformation are now 
understood and to some degree are 
predictable by calculation. 

The behaviour of the metal in a 
reactor, particularly over 400°C, is 
not so well understood neither is it so 
readily predictable. The swelling at 
burnups of 0:°5% can vary between 
10 and 100 vol-%. Many factors could 
contribute to this. While the gross 
shape changes, observed in specimens 
due to the growth phenomenon, have 
been removed by grain refinement, 
growth still lowers the creep strength 
of the metal and may cause local em- 
brittlement by means of _ internal 
stress; in these ways the growth phe- 
nomenon contributes to swelling. 
There is some evidence that the worst 
swellings are obtained in the speci- 
mens subjected to most thermal cyc- 
ling. Details of microstructure may 
exercise a controlling influence on 
swelling in ways which are not yet 
fully understood. 
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Studies of the effect of alloying ad- 
ditions on the behaviour of uranium 
are going ahead in all countries in- 
terested in nuclear power. The main 
aim in alloying is the elimination, or 
a reduction in the amount, of the un- 
desirable orthorhombic alpha phase. 
Its elimination from the structure re- 
quires relatively large amounts of 
alloying element, for example, about 
10 wt-% of molybdenum (zirconium or 
niobium have the same effect as mo- 
lybdenum), which in turn requires 
expensive enrichment. However, metal- 
lurgically the improvement is consid- 
erable; in the USA the 10 wt-% Mo 
alloy has been irradiated to 0-8% burn- 
up at 575°C and only decreased in den- 
sity by 4%. At lower alloying con- 
centrations, it seems that some of the 
benefits of alloying can be combined 
with better neutron economy. An 
example, used in the US EBwr, is 
the 5% Zr, 1:5% Nb alloy. This, 
when quenched from the gamma 
phase, shows extraordinarily good cor- 
rosion resistance in water but not par- 
ticularly good irradiation stability. 
However, when slowly cooled, the 
irradiation properties are markedly im- 
proved and it is corroded by water. 
This shows that the microstructure 
of alloys are of first importance in 
determining properties. In the next 
decade, the study of dilute uranium 
alloys will proceed with the aim of 
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striking a balance between satisfactory 
irradiation stability and neutron 
economy. 

Uranium dioxide is probably the 
best-proved fuel of all. It is certain 
that it can give 10,000 MWd/tonne 
burnup, and quite possible that it will 
give considerably more. Its compati- 
bility with oxidizing coolants such as 
water and CO, is excellent and it pre- 
sents few compatibility problems in 
contact with canning metals. Extensive 
studies of fabrication methods and re- 
actor performance have been carried 
out in UK, Canada and the USA, and 
the major obstacles to the widespread 
use of UO, have been removed. A 
few interesting problems remain: it 
has been shown that specimens of the 
same composition, density and 
irradiation released quite different 
amounts of fission gases, apparently 
because they had been prepared by 
different fabrication methods. If this 
could be understood, the fission gas 
retention in UO, might be still fur- 
ther improved and longer burnups 
might be possible. 

Uranium carbide has 30% more 
uranium per unit value than UO, and 
its thermal conductivity is higher by a 
factor 6-8 at 600°C. These facts have 
lead to an intensive study of fabrica- 
tion methods and properties of the 
carbide in the last two years. The 
favoured method in the USA at pre- 
sent is arc-melting and results of irra- 
diations on arc-melted material are 
now available. After 13,750 MWd 
tonne at 700°C the specimens show 
only a few microcracks with negligible 
density changes; the fission gas re- 
lease is about 0°1% of the amount pro- 
duced. This works out at exactly the 
amount expected by recoil from 
surfaces. 

Since UC reacts with oxidizing cool- 
ants, its application will probably be 
in the sodium or organic cooled types 
of reactor. The main development 
effort will probably be aimed at find- 
ing simple and economical ways of 
fabrication. It may be that irradia- 
tion experience will demonstrate that 
very high density material is not re- 
quired. Cheaper sintering techniques 
might then be developed. 

The other main category of solid 
uranium fuel material is the disper- 
sion. Here the desirable irradiation 
stability of UO, or UC can be com- 
bined with the high strength and con- 
ductivity of a metal (cermet) or 
possibly with graphite as in HTGCR. 
In these cases, the separation of the 
fuel particles and dilution by the 
matrix both worsen neutron economy. 
But for the highest temperatures, heat 
fluxes and burnups, these fuels, highly 
enriched, will be used. 

Liquid metal fuels and slurries, e.g. 
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U-Bi, UO,.-Na should not be forgot- 
ten. Reactors fuelled in this way have 
many apparent advantages but the 
corrosion problems are still not solved. 


PLUTONIUM 


A METAL with six allotropic modifi- 
cations between room temperature and 
its melting point at 640°C obviously 
cannot be used as a solid fuel in a 
power reactor. The attention of the 
metallurgist, therefore, turns to alloy- 
ing and that of the ceramist to re- 
fractory compounds such as the oxide 
and the carbide. 

The plutonium alloy system with the 
most advanced technology is that with 
aluminium. At the aluminium-rich 
compositions, the alloy comprises 
PuAl, surrounded by virtually pure 
aluminium. This material is extremely 
resistant to corrosion by high tem- 
perature water; it is much better in 
this respect than the aluminium-nickel 
alloys which have been considered as 
canning alloys. A most interesting 
development in the production of these 
alloys has been made in Canada where 
it has been shown that the reduction 
of PuO, by aluminium in the presence 
of cryolite gives the alloy directly. 
Thus the preparation of plutonium 
metal is avoided and this gives con- 
siderable economic advantage. 

Plutonium uranium alloys show dis- 
appointing irradiation behaviour but 
when molybdenum is introduced there 
are improvements. Workers at Ar- 
gonne report that uranium containing 
20% plutonium and 5 to 10% ‘fissium’ 
shows very satisfactory irradiation 
stability. ( Fissium’ is the name given 
to a collection of alloying elements 
left after pyrometallurgical reprocess- 
ing of fuel: it is largely molybdenum 
and ruthenium.) This is to be the fuel 
for the Experimental Breeder Reactor 
EBR II, the sodium cooled fast reactor 
in the USA. 

The Russians report the use of sin- 
tered PuO, as the fuel for their fast 
reactor BR-5 but give no details of 
fabrication or fuel performance. The 
oxide is isomorphous with UO, and 
ThO, and these form continuous series 
of solid solutions. The PuO,-UO, 
series is of obvious interest for breed- 
ing reactors and at the 5 to 1 mole 
ratio of UO, to PuO., which seems 
most attractive for breeding, sintering 
is fairly easy, and the pellets dissolve 
in nitric acid much more readily than 
PuO.. A breeder reactor using this as 
fuel does not seem far away and no 
doubt laboratory studies of sintering 
behaviour and fission gas release will 
continue. 

Another attractive approach to fast 
reactor fuel containing plutonium is 
the oxide cermet with a matrix of, 





say, stainless steel or niobium. Higt 
integrity cermets can easily be mad 
at about 20% ceramic phase, whict 
is all the plutonium that is requirec 
in a fast reactor fuel and preliminary 
experiments have shown no compati 
bility troubles up to 1400°C. The 
future for these materials, with o 
without UO, additions, looks promis 
ing. 

Little is published about the car 
bides of plutonium but it is likely tha 
solid solutions of PuC in UC o1 
cermets based on these will be the 
subjects of considerable future interest 


THORIUM 


THE cross-sections of U-238 and 
Th-232 are such that the most effi 
cient use of thorium can be made in 
thermal reactors while the uranium 
plutonium cycle is best in fast reactors 

Thorium is face-centred cubic up tc 
its only transformation temperature at 
1360°C and hence suffers from none 
of the disadvantages which uranium 
derives from its crystal structure and 
allotropy. Irradiations of Th-10 wt-% 
U alloys at 650°C to 1% burnup show 
only 5% volume change. It seems 
likely that even higher temperatures 
and burnups will be achieved as these 
experiments continue. The strength of 
thorium is considerably less than that 
of uranium and therefore its use in 
metallic form involves a design in 
which the thorium is not required to 
carry much load. In some applications 
this may be a restriction and therefore 
a search of alloying elements which 
strengthen thorium at reactor tem- 
peratures will, when successful, enlarge 
the use of metallic thorium. 

The oxide ThO, is one of the 
most thermodynamically stable oxides 
known and thoria-urania solid solu- 
tions are obvious choices for water- 
cooled reactors. Oxide fuels of this 
type have been developed in the USA. 
Mixtures of ThO, and U,O, can be 
sintered in air to very high densities 
and pellets canned in zircaloy are to 
be used in a water-cooled power reac- 
tor, the CETR. 

For reactors with coolant tempera- 
tures of 600°C and upwards, there is 
considerable interest in thorium. In 
these contexts it is envisaged as the 
carbide and is generally mixed with 
uranium carbide. The fuel elements 
for the Dragon HTGCR are of this 
type dispersed in graphite and irradia- 
tion trials on these up to 1000°C have 
given very satisfactory results. 

In summary, thorium offers few 
serious material problems. The extent 
of its use will be decided by econ- 
omists and nuclear physicists rather 
than by metallurgists or ceramists. 

J. J. STOBO 
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CLADDING 


MAGNESIUM 


THE low absorption cross-section 
of magnesium to thermal neutrons 
(0-059 barns/atom), its compatibility 
with uranium metal, its adequate oxi- 
dation resistance in carbon dioxide 
up to about 500°C, its good thermal 
conductivity (0°38 cal/cms °C) and its 
relatively low cost, constitute the prin- 
cipal factors that have contributed to 
the choice of this metal, suitably 
alloyed, for cladding the uranium fuel 
in CO, cooled, graphite moderated 
reactors of the Calder Hall type. 

For this application, an alloy con- 
taining about 0°7% Al and 0-007% Be 
(Magnox Al12) has been developed in 
the UK; the Russians report the use 
of an alloy containing 24% Be, 
produced by the co-deposition of mag- 
nesium and beryllium from the vapour 
phase. The French G2 and G3 reac- 
tors use fuel elements clad with an 
alloy containing about 0°6% Zr (ZA), 
which material, because of its fine 
grain size, is also receiving consider- 
able attention in this country as a pos- 
sible replacement for A12. 

In addition to the steady creep 
stresses imposed on fuel element clad- 
ding, it is also possible that cyclic 
stressing occurs due, for instance, to 
aerodynamic vibration in the gas 
stream. There is, however, little pub- 
lished work on the high temperature 
fatigue behaviour of magnesium 
alloys. The French have shown that 
the fatigue strength of the inherently 
fine grained ZA alloy up to 400°C is 
appreciably higher than that of pure 
magnesium, whereas work in UKAEA 
laboratories on the Al2 alloy suggests 
that the improvement cannot be 
directly attributed to the fine grain 
size of the ZA alloy. 

Work on the effects of neutron irra- 
diation on the mechanical properties 
of magnesium alloys has been mainly 
restricted to post irradiation testing. 
The changes observed are not re- 
garded as significant, it being assumed 
that the irradiation hardening an- 
nealed out at the temperature of irra- 
diation (about 50°C). Whether the 
properties are likely to be impaired 
during deformation under irradiation 
is not, however, so clear but remark- 
ably high ductilities have been claimed 
by the Russians for their 2% and 
4°, beryllium-containing alloys, as ex- 
hibited during actual irradiation of 
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More research and development is needed 
before the ideal choice can be made from 
among this unusual group of metals 


fuel elements at about 440°C. 

Tests on magnesium alloys have 
revealed that spontaneous ignition 
does not occur in dry carbon dioxide 
until well above the melting point 
(m.p. about 650°C) ;. the presence of 
800 p.p.m. moisture however reduces 
the ignition temperatures to much 
nearer the melting point. The ignition 
temperatures in air are significantly 
lower, especially in the presence of 
moisture and it is under these condi- 
tions that the beryllium containing 
alloys are claimed to offer advantages. 

In addition to their application as 
cladding materials, magnesium alloys 
may be used as fuel element support 
members; in these circumstances, the 
creep strength of the cladding alloy 
may not suffice, particularly at the 
higher operating temperatures. This is 
generally met by alloying with 0-75- 
15% Mn but since this element in- 
volves a nuclear penalty, ternary 
alloys containing only about 0:1% Mn 
but with 0:2-0-6% Zr are being de- 
veloped. These have the added advan- 
tage of a finer grain size with possibly 
a better creep ductility at 400-500°C. 

The demand for magnesium alloys 
to meet the high standards required of 
nuclear fuel element cladding has set 
a number of production problems. 
Multi-start spiral cans, originally 
machined from the solid bar, are now 
impact extruded and twisted to fin- 
ished profile, an example of how pro- 
duction technology has advanced to 
meet the nuclear engineers’ require- 
ments. G. M. MICHIE 


BERYLLIUM 


BERYLLIUM is unique in that it has 
the lowest capture cross-section of all 
metals and this fact, combined with a 
melting point of 1280°C, good heat 
conductivity, and a useful array of 
properties above 900°C, make it an 
attractive proposition for both fuel ele- 
ments and supporting structure. Some 
limitations of importance are the 
brittleness of the metal in preferred 
directions at room temperature, the 
high initial cost of the metal, and the 
density of the element in the finely 
divided condition which increases 
fabrication costs. 

The non-availability of casting pro- 
cesses to give a product satisfactory 
for direct fabrication has led to the 
universal adoption of powder metal- 


lurgy methods for fabrication. Tech- 
niques are now available for the fabri- 
cation of a wide variety of compon- 
ents, including rod, tube, extruded 
sections, and forgings. Machining 
methods are also available for nearly 
all conventional shapes. The develop- 
ment of joining techniques has now 
reached the point where satisfactory 
methods are available for a wide 
range of joint designs. The problem of 
irradiation damage arising from hel- 
ium formation is well known. How- 
ever, recent data suggests that at the 
temperatures of interest for the AGR 
this phenomena will not impose an 
unacceptable limit to its application. 
The availability of cast metal for 
direct fabrication could yield both 
economic and technical advantages 
and this line of development is being 
widely studied. Considerable attention 
is also focussed on improving our un- 
derstanding of the role played by 
minor impurities in determining the 
structure and properties of the metal, 
particularly the ductility. However, 
lack of basic data is a handicap and 
much time and effort needs to be 
expended in order to establish a good 
foundation on which a full apprecia- 
tion of the properties and future pos- 

sibilities of the metal can be built. 
L. R. WILLIAMS 


ZIRCONIUM 


ZIRCONIUM is one of the most 
versatile of the low neutron absorp- 
tion metals, combining high mechani- 
cal strength at room and moderately 
elevated temperatures, good compati- 
bility with uranium dioxide, and after 
alloying, good corrosion resistance to 
water, steam or carbon dioxide up to 
high temperatures. Use of zirconium 
alloys for nuclear fuel cladding and 
structural purposes in pressurized and 
boiling water reactors is increasing. 
Research and development effort on 
zirconium alloys is aimed at finding a 
replacement for zircaloy 2 and at 
developing alloys with higher strength 
and better corrosion resistance, both 
for water/steam applications, where 
the target is a fuel sheathing alloy for 
operation in steam up to at least 
500°C, and for applications in carbon 
dioxide at temperatures well above 
500°C. Alloys being studied for water / 
steam applications include new alloys 
in the zircaloy series, zirconium- 
niobium alloys, and also the zir- 
conium-copper-molybdenum ‘ATR’ 
alloy, which, although originally 
developed for use in carbon dioxide, 
shows considerable promise for high 
temperature steam applications. In the 
gas-cooled field, improved zirconium 
alloys may well find applications as 
small structural components in AGR 
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type power reactors, with carbon 
dioxide coolant temperatures up to 
600-700°C. 

It might be possible to develop zir- 
conium alloys suitable for fuel sheath- 
ing in gas-cooled reactors with carbon 
dioxide coolant temperatures up to 
about 600°C. Such alloys would be 
cheaper than beryllium, but would 
have a 10: 1 disadvantage with respect 
to macroscopic neutron absorption 
cross-section, which might prove pro- 
hibitive. 

A. CARTER 


STAINLESS STEELS 


AUSTENITIC stainless steels pos- 
sess both strength and ductility at 
room temperature and at elevated 
temperatures and have resistance to 
gas coolant such as carbon dioxide 
and carbon dioxide containing a few 
percent of carbon monoxide. They are 
also resistant to sodium and to organic 
liquids. Present evidence indicates that 
irradiation to quite large fast neutron 
doses does not result in unacceptable 
changes in properties. Established 
techniques exist for producing thin 
walled strip and tubing and for mak- 
ing end seals. Problems arise because 
the high thermal neutron absorption 
of the main ingredients necessitates 
thin cans e.g. 0-Ol in., which gives a 
potential integrity problem in that in- 
clusions and flaws produced in com- 
mercial material may occupy a signifi- 
cant fraction of the wall thickness. A 
big contribution to solving this prob- 
lem is by the use of ton-scale consum- 
able electrode vacuum remelting, a 
process originally developed for the 
consolidation of titanium sponge. The 
integrity problem is accentuated by 
the somewhat primitive methods of 
non-destructive inspection at present 
available. Eddy current inspection will 
not necessarily reveal cracks as deep 
as 0-003 in. if the walls show local 
irregularities of thickness of 0-0002 in. 
Although the outside surface can be 
inspected with dye penetrants in tubes 
of comparatively small bore, access 
to the inner surface is more difficult. 
The corrosion allowance including 
that for intergranular penetration 
under stress is necessarily small. Fur- 
thermore the steel must not embrittle 
in service. For carbon dioxide cooled 
reactors indeed none of the standard 
steels of AISI types 304, 321, 347, 316 
or 310 is ideal at the maximum can 
temperatures needed for thermodyna- 
mically satisfactory coolant tempera- 
tures. Steels in which a high chromium 
content is balanced by a high nickel 
content appear attractive despite the 
somewhat higher thermal neutron ab- 
sorption of nickel compared with iron 
and chromium. It was on_ these 
grounds that 20/25/Nb was selected 
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for the first charge of the Windscale 
AGR. Such fully austenitic materials 
are more liable than the 304, 321, and 
316 types to weld integrity difficulties. 
While thin sections are less prone to 
troubles of a metallurgical origin than 
thick sections, the standards of inte- 
grity required are so high that the 
problem cannot be lightly dismissed. 
For the future thinner cans may be 
required (0:006in. perhaps) or tem- 
peratures higher than 650°C. Preci- 
pitation hardened materials may give 
the strength needed to meet the more 
severe conditions but work is needed 
to determine the extent to which aged 
properties are retained under irradia- 

tion. 
P. C. L. PFEIL 


ALUMINIUM 


IN the gas-cooled field, there is little 
incentive to develop improved alumin- 
ium alloys for fuel cladding in com- 
petition with magnesium alloys. In the 
water-cooled field, however, where the 
corrosion resistance of aluminium 
under power reactor conditions has 
been found wanting, the higher cost 
of zirconium alloy fuel sheathing on 
the one hand, and the high fuel cost 
associated with the use of stainless 
steel on the other, has stimulated in- 
tensive work on the development of 
improved aluminium alloys. 

One field in which aluminium and 
its alloys could be used for fuel clad- 
ding is the low temperature water- 
cooled reactor in which the reactor 
coolant is used for water heating pur- 
poses, as in district heating schemes, 
or the supply of process steam, in 
addition to electrical generation. 

Generally, the corrosion problem 
becomes serious at about 200°C. 
Above this temperature, rate of attack 
is serious, resulting from exfoliation 
of protective oxide films by hydrogen 
blisters. The main method of trying 
to avoid exfoliation has been to add 
alloying elements of the type which 
are likely to encourage the conversion 
of hydrogen ions into gaseous hydro- 
gen at an early stage, and such ele- 
ments include nickel, iron, copper, 
cobalt and the platinum group of 
metals. In addition, some attempt is 
normally made to increase the corro- 
sion resistance of the alloy matrix, for 
which purpose silicon, titanium, zir- 
conium and beryllium have been re- 
commended. The problem is, however, 
difficult, and although alloys with in- 
creased corrosion resistance to static 
pure water have been developed (e.g. 
the ‘ Aereal’ series of alloys), perfor- 
mance under dynamic water flow is 
disappointing. 

More recently, aluminium in the 
form of sintered aluminium powder 
(SAP or APM) has returned to the 


limelight for sheathing uranium dioy 
ide fuel in the organic liquid mode: 
ated and cooled reactor system whic 
is under development in many cour 
tries, particularly for marine propu 
sion. In this field, it is the only lov 
neutron absorption cladding metal be 
ing considered, and its competitor i 
stainless steel. Suggested operatin 
conditions are a maximum fuel ele 
ment surface temperature of abou 
450°C, with a coolant outlet tempera 
ture of about 360°C. Large increase 
in organic liquid coolant temperatur 
are unlikely, in view of the more rapi« 
radiolytic decomposition, and SAI 
should be competitive to stainless stee 
for a long time. For these SAP appli 
cations, the main development effor 
is being devoted towards methods o! 
end sealing SAP clad fuel elements 
and compilation of irradiation exper 
ience. 

A. CARTER 


NIOBIUM 


PURE niobium has excellent resis 
tance to corrosion by liquid metals 
provided that the oxygen level of the 
coolant, reduced by hot and cold trap 
ping, is maintained at a level lower 
than 5 p.p.m. 

To manufacture fuel element cans 
the metal has to be purified from the 
relatively impure powder form which 
results from the reduction process. 
The main impurities which embrittle 
the metal are oxygen, nitrogen, and 
carbon. This purification process is in- 
tegrated with the consolidation route 
for the massive metal, a powder metal- 
lurgy process being at present used in 
the UK. An alternative method, 
applied successfully in the USA, 1s 
electron beam melting and is now 
being considered in the UK. 

The consolidated metal is currently 
converted to tubes in the UK by 
a cupping and drawing technique, car- 
ried out at room temperature, and 
requiring several inter-stage high 
vacuum anneals at approximately 
1200°C. About 70%, cold work is per- 
missible between anneals. A possible 
development once billet metal is avail- 
able would be production by extru- 
sion or a similar technique, either cold 
or at elevated temperatures using a 
suitable cladding. 

Niobium may be welded by resis- 
tance or argon arc methods. For the 
latter in particular a vacuum purged 
chamber is necessary to prevent the 
pick up of deleterious impurities. 
Some porosity results in the fusion 
zone of arc welds, presumably due to 
the reaction of trace impurities of car- 
bon and oxygen. Normally this por- 
osity does not result in a leak path 
through the weld. 

The thermal conductivity (0-125 
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cal/ems °C) is much superior to aus- 
tentic steels (0-036 cal/cems°C) and 
increases with temperature increase. 

The tensile properties of unirradi- 
ated niobium vary greatly, depending 
upon the amount of interstitials pre- 
sent and previous history, an increase 
in the oxygen content from 0:03% to 
0:016% increasing the limit of pro- 
portionality from 28,200 to 61,200 
lb/in?. After irradiation, yield strength 
increases by approximately 15% and 
the rate of work hardening is reduced 
greatly, resulting in deformation once 
started, continuing in the same place 
until fracture occurs. 

Hydrogen absorption by niobium 
becomes rapid at 350-400°C, embrittle- 
ment resulting. This property is used 
in the recycling process for scrap re- 
covery. 

The future of niobium depends on 
the development of a more oxidation 
resistant alloy with improved creep 
resistance, many high temperature 
structural applications then become 
possible, whilst use in US reactor sys- 
tems and electronics industries is pre- 
dicted to be on a large scale by 1975. 

A. E. WILLIAMS 


VANADIUM 
VANADIUM is used as the inner tube 
of the fuel element in the fast reactor 
at Dounreay, as a safety device in 
case of reactor fault conditions. 

Present information indicates that, 
apart from this highly specialized use, 
the future of vanadium as a nuclear 
metal, or for high temperature use, is 
not of great promise. Its corrosion 
properties are not of a high order, and 
its resistance to oxidation is so low 
that it is incapable of self protection, 
even at moderate temperatures—so 
much so that bar 1 cmdia. is com- 
pletely converted to oxide in 40h at 
700°C in freely circulating air. 

For its use as a canning material in 
the Dounreay fast reactor, the powder, 
milled from sponge produced by the 
Kroll process, is direct resistance sin- 
tered in high vacuum, rolled to sheet 
and cupped and drawn to tube. One 
of the problems associated with this 
process is the susceptibility to critical 
strain grain growth. Unless there is 
close control of heat treatment, the 
large grains at the basal radius elon- 
gate, producing splits in the drawing 
direction. 

Vanadium is compatible with molten 
sodium provided that the precautions 
used for niobium are enforced, but 
fails preferentially to niobium when 
in contact with molten uranium. Its 
neutron capture cross section is 4°5 
barns, making it suitable for use in 
this type of reactor system. 

A. E, WILLIAMS 
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MOLYBDENUM 


MOLYBDENUM nd its alloys are 
being considered for fuel sheathing in 
advanced sodium-cooled fast reactors 
in view of their high strength, good 
corrosion resistance to liquid sodium 
and potassium, coupled with very good 
compatibility with uranium metal, even 
in the liquid state. Particular attention 
needs to be paid to minimizing the 
oxygen content of the liquid metal 
coolant in view of the poor oxidation 
resistance. Molybdenum is a promis- 
ing material for use in liquid-fuelled 


reactors for containing molten ura- 
nium-bismuth or plutonium-bismuth 
fuels, in view of its high corrosion 
resistance to these liquid metals. 
Molybdenum is also used as an 
alloying addition to uranium metal for 
fuel rods, for both thermal and fast 
reactors, in order to obtain higher 
strengths and better performance 
under irradiation. It is compatible 
with uranium dioxide, and incorpora- 
tion of molybdenum fibres in UO, 
fuel pellets to increase thermal con- 
ductivity, has been suggested. 
A. CARTER” 


MODERATORS 


Will graphite-fission product reactions be trouble- 
some? What is the fission neutron age in heavy 
water? Why are test results on beryllia inconsistent? 


GRAPHITE 


IN the field of ordinary nuclear 
graphite, the main advances have 
been in knowledge of the irradiation 
effects at the operating temperatures 
of the CEGB reactors. As a result of 
the Wigner stored energy data now 
available, graphite sleeving has been 
eliminated except at Hunterston where 
a sugar-impregnated sleeve is an inte- 
gral part of the design of the fuel 
element. The revised data on dimen- 
sional changes has meant that in cer- 
tain cases parts of the cores have had 
to be remachined. 

A change to beryllium or stainless 
steel as the canning material for the 
prototype Advanced Gas Cooled 
Reactor at Windscale enables coolant 
outlet temperatures in the region of 
500-575°C to be considered, and this 
gives rise to physical and chemical 
problems with the graphite moderator. 
The radiation induced carbon dioxide- 
graphite reaction would not be negli- 
gible over the lifetime of the proto- 
type AGR. Efforts are therefore being 
made to reduce the reaction by restric- 
ing the accessible surface and by intro- 
ducing gaseous inhibitors. 

In the experimental gas-cooled reac- 
tor (EGCR) at Oak Ridge, these prob- 
lems are avoided by the use of helium 
as coolant. With both the aGrR and the 
EGCR one of the more difficult prob- 
lems to evaluate is the irradiation 
shrinkage of the graphite. In the EGCR 
it is calculated that such shrinkage can 
lead to bowing of the graphite 
columns and significant internal stress 
across a block unless relieved by radia- 
tion induced creep. 

The design adopted in the various 


high temperature gas cooled reactors 
depends chiefly on the method of 
dealing with fission products. One 
approach permits their release into the 
main coolant circuit. Thus, in the Los 
Alamos Turret Experiment, unclad 
porous impregnated graphite fuel ele- 
ments are intended to be used, whilst 
in the BBC-Krupp reactor fissile and 
fertile fuel is separately dispersed in 
graphite balls of low permeability. Some 
delay in the release of fission pro- 
ducts is obtained in the Dragon reac- 
tor experiment by enclosing the fuel in 
a graphite box of controlled permeabi- 
lity to fission products, thereby reduc- 
ing the load on the trapping circuit 
and also utilizing some of the fission 
product heat within the reactor. 
Apart from the Turret Experiment 
the graphite requirements for these 
reactors are very similar. Initially the 
emphasis was on obtaining graphite of 
low permeability, about 10-* cm?/s, or 
a million times lower than ordinary 
graphite. This has been effected by 
impregnation of fine grain graphite 
with carbonized resins. With this prim- 
ary objective achieved attention is now 
turning to other possible problems, 
particularly reactions of graphite with 
fission products such as caesium. 
M.S. T. PRICE, P. A. P. ARRAGON 


WATER 


THE thermal neutron constants of 
H.O and D.O are now well estab- 
lished for most practical reactor com- 
putational purposes. With a transport 
mean free path of 2°46cm and a 
diffusion area of 10,000 cm?, D,O pro- 
vides an excellent moderator with 
almost negligible neutron capture for 
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those reactors in which neutron econ- 
omy is of great importance. The 
absorption of neutrons in D,O is very 
sensitive to light water contamination ; 
even at D.O concentrations of 99°8%, 
about one-half of the absorption is 
due to the light water content. In light 
water, the transport mean free path 
is about the same (2:74 cm) as that in 
D,O, but absorption in the hydrogen 
reduces the diffusion area to 7°46 cm?. 
It is thus suitable only for reactors in 
which neutron economy is not an 
overwhelming consideration. The fast 
neutron constants (fission neutron age) 
in both light and heavy water have 
been comparatively poorly known 
until recently. Experimental and 
theoretical work has now established 
the age in H.O at 26cm? to within a 
few per cent. 

The observed age in D,O is about 
110cm?*, a discrepancy of some 10% 
between calculation and experiment 
still remains to be resolved. 

Although the absolute values of the 
densities of the two liquids differ by 


1 d 
some 10%, the values of —- nl (which 

p dT 
is of importance in determining the 
moderator temperature coefficient of 
H,.O and D.O systems) are very 
nearly equal. 

N. BATTLE, C. C. HORTON 


ORGANIC LIQUIDS 


THE consideration of organic fluids, 
particularly the aromatic hydrocar- 
bons, for reactor applications both 
as moderators and coolants has been 
prompted by their generally low 
corrosivity, low residual reactivity 
from neutron capture, and their low 
vapour pressures at useful tempera- 
tures. Their high hydrogen content 
makes them excellent moderators. 
Since they become only slightly radio- 
active through neutron capture by dis- 
solved impurities they do not require 
extensive shielding. The presence of 
combined oxygen often decreases ther- 
mal stability and introduces the pos- 
sibility of undesirable and non-rever- 
sible side reactions whilst the presence 
of uncombined oxygen can lead to the 
formation of compounds decidedly 
corrosive to metal components. 


The inability to form solid deposits 
of carbon or other insoluble residues 
is a Most important requirement when 
operating at high temperatures and 
fluxes since these will tend to foul 
heat transfer surfaces and lead to fail- 
ure of the fuel elements. The selection 
of a suitable organic fluid has nar- 
rowed itself down to relatively few 
compounds of which the class known 
as polyphenyls, and in_ particular 
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diphenyl and terphenyl have received 
the greatest attention. 

The main disadvantage to such 
materials arises from the chemical 
changes produced by high tempera- 
tures and the presence of ionizing 
radiations, both of which contribute 
to a gradual conversion of the ori- 
ginal material to gases or * polymers’. 
Their accumulation increases the vis- 
cosity of the fluid mixture and under 
prolonged irradiation might encourage 
further polymerization to products of 
still higher molecular weight or to car- 
bon. 

For a number of organic materials, 
particularly the nonaromatics, it has 
been established that the rate of 
decomposition on exposure to irra- 
diation depends upon the absorbed 
energy whether produced by gamma 
radiation or by neutron moderation. 
With the polyphenyls however, investi- 
gations have shown that fast neutrons 
can be more damaging to the fresh 
material, especially at high tempera- 
tures, and this difference can become 
important when extrapolating the 
radiation damage data from one faci- 
lity to another in which the neutron 
to gamma ratio might be different. 
Although this is true for low concen- 
trations of polymer, these effects are 
of no great significance for practical 
purposes if the polymer content 1s 
> 17%, since above this level decom- 
position rates are independent of the 
radiation type. 

J. LAMBORN 


BERYLLIA 


IN the absence of radiation, beryllia 
is suitable at high temperatures in 
most coolant gases. However, mass 
transfer via vapour-phase hydroxide 
occur independent of water vapour 
above 1000°C. Thermal conductivity 
and thermal shock properties are very 
good. Beryllia is also a suitable matrix 


for dispersing fuels based on uraniun 
dioxide. These properties appear to b: 
best taken advantage of in a smal 
high temperature system. 

The effect of fast neutron damag 
on physical properties and dimensiona 
stability, and the cost, and difficultie 
of fabrication may impose limitation 
on this use. 

Very few studies of the irradiatior 
behaviour of beryllia have been made 
and the majority of the data availabl« 
refers to tests made below 200°C. Th: 
observed magnitude of changes i 
physical properties differ between in 
vestigators. This variation may in par 
be attributable to variation in’density 
and melting of specimen preparation ; 
all investigators agree that irradiatior 
growth occurs but it has not yet beer 
unequivocally established whether this 
growth saturates short of specimen 
disintegration. 

High temperature studies in the irra 
diation fields have been confined to 
post-irradiation annealing. A bubble 
formation reported by French investi 
gators has not been confirmed by 
work in the UK. 

Current research on_ irradiation 
damage, both here and the USA is 
directed to answering whether or not 
lattice instability is due to a tempera 
ture dampening non-saturating com- 
ponent, and to defining over a range 
of temperatures the irradiation dose at 
which gas production becomes trouble 
some. 

Beryllia of greater than 95% theo 
retical density can be prepared by hot 
compacting. Unadulterated beryllia 
being proved difficult to fabricate to 
consistently high densities by cold 
compacting and sintering. High purity 
beryllia is now commercially avail- 
able and much of the fabrication 
effort available is devoted to sintering 
studies using such material. 

J. WILLIAMS 


COOLANTS 


No cheap coolant yet combines good nuclear 


and heat iransfer properties with low chemical 


reactivity and 
high 


CARBON DIOXIDE 
ALTHOUGH the compatibility of car- 
bon dioxide with the graphite modera- 
tor, steel pressure vessel and mag- 
nesium canning alloy of the Calder 
reactors is satisfactory at normal 
operating temperatures, the oxidation 
reaction between carbon dioxide and 


safety, and the choice for 


temperature applications is still open 


fuel element materials could become 
of importance under fault conditions. 

In a graphite moderated system, the 
coolant temperature is limited by the 
reversible reaction between carbon di- 
oxide and graphite. 

This limit has yet to be precisely 
defined but it is expected that at a 
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m.iximum temperature of 600°C to 
700°C, the rate of the forward reac- 
tion at hot spots and the rate of the 
carbon deposition reaction at cool 
spots in the system would lead to 
unacceptably high rates of carbon 
transfer. Compatibility problems also 
arise at high temperature between 
carbon dioxide and the canning, struc- 
tural and pressure vessel materials— 
beryllium, stainless steel and mild steel. 
The resistance of these materials can 
be affected by contaminants such as 
carbon monoxide and water vapour 
and it is important to control their 
concentration. At present it appears 
that compatibility with carbon diox- 
ide is unlikely to be a problem, pro- 
vided that the surface temperatures 
of beryllium and stainless steel cans 
are kept below 650°C and pressure 
vessel temperatures below 350°C. 

One of the uncertainties at Calder 
Hall was the extent to which com- 
patibility would be affected by irra- 
diation. Four years’ operating experi- 
ence has shown that it is quite possible 
to measure the density loss of the 
moderator due to the reaction between 
carbon dioxide and graphite; it has 
also shown that deterioration of the 
graphite is unlikely to affect the life 
of the reactors. Extrapolation of these 
measurements taken together with 
controlled irradiation experiments in 
high flux test reactors, indicate that 
a carbon dioxide cooled graphite mod- 
erated reactor could be operated at a 
rating of at least five times that of 
the Calder reactors and that the rating 
can be further increased by the adop- 
ion of measures designed to reduce 
the rate of the carbon dioxide graph- 
ite reaction. 

Operation of the AGR_ prototype 
reactor at Windscale should enable the 
ultimate limits on the use of carbon 
dioxide as a coolant to be more clearly 
defined. 

P. C. DAVIDGE 


HELIUM 


HELIUM has good nuclear properties 
and heat transfer properties compar- 
able with carbon dioxide. It is chemi- 
cally unreactive and therefore gives 
rise to the minimum of compatibility 
problems. The only drawbacks to its 
use are its restricted availability and 
high cost. 

Helium is found as a constituent of 
the natural gas associated with some 
oil wells in USA and Canada. Extrac- 
tion and purification plants have 
operated for some years in USA and 
the production capacity of the plants 
is in the region of 450 million ft*/year. 
The approximate price for helium 
delivered in Europe in bulk is £30/ft*. 
At this price it would cost £15,000 to 
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fill one reactor at Calder; the com- 
parable charge for a filling of carbon 
dioxide is £300. 

Although helium is chemically inert, 
some chemical compounds of helium 
such as tungsten helide (WHe,) have 
been identified. This has led to con- 
sideration of the possibility of helium 
being activated by reactor radiation 
to form transitory compounds with 
reactor materials and cause corrosion 
of the materials. To date, there is no 
evidence that such reactions do actu- 
ally occur. 

The chemical inertness of helium 
makes its use attractive for high tem- 
perature reactors. At these tempera- 
tures, however, impurities in helium 
become of importance and traces of 
carbon dioxide can, for instance, 
cause appreciable rates of mass trans- 
fer of graphite to occur. Impurities 
can be present in the make-up gas to 
the reactor and can also desorb from 
reactor materials, such as graphite and 
steel, particularly when these are 
heated. Continuous purification of 
helium is therefore necessary. 

The future use of helium as a re- 
actor coolant will, to a large extent, 
be determined by the gains that can 
be derived from high temperature re- 
actor operation compared with the 
cost of constructing a reactor that has 
a negligible leak rate. 

P. C. DAVIDGE 


NITROGEN 


NITROGEN compares unfavourably 
with carbon dioxide and helium for 
both heat transfer and nuclear pro- 
perties but is less chemically reactive 
than carbon dioxide and is cheap 
compared with helium. 

Loss of nitrogen as a coolant would 
also result in loss of neutron absorber 
and would leave an operating reactor 
in a supercritical condition. This prob- 
lem can probably be overcome by 
the use of automatic shut down de- 
vices but becomes more severe the 
higher the gas pressure. 

Nitrogen and graphite are certainly 
compatible at temperatures less than 
1000°C and in this respect, nitrogen 
is superior to carbon dioxide. There 
is no evidence of any reaction between 
nitrogen and carbon in the presence 
of radiation although attempts have 
been made to detect cyanogen forma- 
tion. 

The compatibility of nitrogen with 
structural and canning materials does, 
however, impose a limit on its use. 
For instance, it is known that steel 
exposed to nitrogen at temperatures 
above 1000°C will form a_ surface 
nitride which results in embrittlement 
of the surface. It has also been specu- 
lated that atomic nitrogen formed by 


irradiation of nitrogen will tend to 
react more readily than unirradiated 
nitrogen with metals. 

The most promising use of nitrogen 
appears to be as a cheap coolant for 
a high temperature gas reactor but 
more work will be needed on the rate 
of formation of metal nitrides under 
reactor conditions before it will be 
possible to assess the limitations to 
its use. 

P. C. DAVIDGE 


WATER 


VALUES of Cp, k and p» are well 
documented for light water and light 
water steam, but values for heavy 
water are less readily available, and 
there is some scatter in the reported 
values. Information on compressed 
heavy water and heavy water steam 
is particularly scarce. 


(a) Specific heat Cp, of heavy water. 
The ratio CP 0! Pp. rises linearly 
from unity at 100°F to 1-035 at 400°F. 
(b) Conductivity k, of heavy water. 
The ratio k_ /k is 1:0519 at 
H,O' D,O 
212°F rising linearly to 1-1345 at 
500° F. 
(c) Dynamic viscosity » of heavy 
water. 
is 0°84 at 100°F 


The ratio Me a I 


“D.0 
rising linearly to 0-92 at 400°F. 


N. BATTLE, C. C. HORTON 


ORGANIC LIQUIDS 


A DISADVANTAGE inherent in 
organic coolants is that they have a 
heat transfer coefficient lower than 
those of the more common coolants 
such as sodium and water, but this is 
offset by the freedom to operate with 
a higher temperature difference be- 
tween the fuel element can and the 
fluid. 

No organic coolant can operate at 
a bulk temperature substantially 
greater than 400°C on account of a 
rapidly accelerating rate of thermal 
polymerization. In the polyphenyls 
however there is an absence of break- 
down to elemental carbon for tem- 
peratures up to 500°C; accordingly 
fairly high localized temperatures can 
be tolerated, e.g. up to 460°C and pos- 
sibly higher as in the case of fuel ele- 
ment surfaces. 

The desirable properties of any 
organic material selected for use as a 
moderator or coolant can be summed 
up as follows: 


(1) High thermal and irradiation sta- 
bility ; bulk temperatures up to 400°C 
should be possible with no higher than 
0-1% breakdown. 


(2) The absence of breakdown to ele- 
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mental carbon for temperatures up to 
at least 500°C. 

(3) The formation of polymeric pro- 
ducts which are completely soluble in 
the monomer. 

(4) A low vapour pressure permitting 
a low operating pressure for the gen- 
eration of steam. 

(5) Low viscosity and other suitable 
physical properties for heat transfer. 
(6) Good neutron moderation proper- 
ties. 

(7) The absence of corrosive action 
with constructional materials. 

(8) The absence of a high level of 
induced radioactivity in the circuit. 
(9) Ease of separation of radiation by- 
products from the monomer. 

(10) Cheapness. 

(11) Low melting point. 

At the moment research is being 
carried out both into methods of re- 
ducing damage rates in existing poly- 
phenyl coolants (e.g. by the addition 
of small quantities of inhibiting 
agents), and also at assessing com- 
mericially available by-product mater- 
ials such as refinery off-cuts having 
low replenishment costs. 

J. LAMBORN 


HYDROGEN 
REACTOR cores must be tailored to 
fit the properties of the chosen cool- 
ant. Useful guides to the choice are, 
however, the pumping power required 
and the total heat output achieved. In 
both cases hydrogen shows marked 
superiority. Choice of high tempera- 
ture canning material would be limited 
to stainless steel, beryllium, or 
graphite. Reaction of hydrogen with 
graphite would probably be acceptably 
slow even though thermodynamically 
favoured. Hydrogen diffuses through 
metal walls and leaks through circuit 
defects faster than other gases. These 
losses would be small relative to leak- 
age. Leakage could be reduced to 
acceptable levels by care in design. 
To do this design standards would 
have to be better than those currently 
used for CO, cooled reactors. 

No rational basis exists for the de- 
sign of pressure vessels to withstand 
explosion or detonation. Explosion 
proof design would in any case be 
uneconomic. It would therefore be 
necessary to guarantee that an ex- 
plosive mixture could never be 
formed. This has been the principal 
reason for rejecting hydrogen for reac- 
tor cooling. 

Circuit rupture of a power reactor 
would have serious consequences. 
Conditions would be less restrictive in 
nuclear rocket propulsion where the 
additional advantages of low weight 
makes hydrogen an attractive propo- 
sition. 

Growing confidence in ability to 











handle hydrogen safely may alter this 
picture. D. BRADLEY 


LIQUID METALS 
THE chief problems associated with 
sodium and NaK are due to their high 
chemical reactivity and avidity for 
oxygen, resulting in the need to con- 
tain the coolant in a leak tight sys- 
tem, usually all welded, under an in- 
ert gas cover. Nitrogen, argon or 
helium are used as cover gases though 
argon becomes active under neutron 
irradiation and, under certain condi- 
tions, nitrogen can lead to nitriding of 
stainless steel circuit components, Pure 
sodium has non-corrosive properties 
for structural materials with which it 
does not alloy but a few p.p.m. of 
impurities, especially oxygen, hydro- 
gen and carbon, confer corrosive and 
and other undesirable properties upon 
it. Control of impurities is exercised 
by cold trapping or high temperature 
gettering processes. Cold trapping en- 
tails reducing the temperature of part 
of the coolant below the saturation 
temperature of the impurities in solu- 
tion and trapping the precipitated 
material by a filter medium. Gettering 


processes involve a reaction betwee 
the impurity in solution and a selecte 
getter at high temperatures, e.g. zir- 
conium is a useful getter for oxygen 
and high chromium stainless steel for 
carbon. Measurement is often diffi- 
cult at the levels encountered for spe- 
cific impurities though in line instrv 

ments based on measurements c¢ 

electrical resistivity and saturated solt 

bility temperatures are in use. Deve - 
opment work is continuing on the 
methods of control and measurement 
of impurities. 

Electromagnetic pumps are still 
employed on smaller development 
circuits but on larger power reactors, 
following development work on sub- 
merged bearings, shaft seals and 
canned rotor/stator units, mechanical 
pumps are now seriously considered. 
On power producing reactors con- 
siderable research is being carried out 
not only on basic heat transfer data 
but on the design of heat exchangers 
to promote efficiency without increas- 
ing the safety hazards of a mechani- 
cal failure bringing the coolant into 
contact with water. 

K. HARGREAVES 


ABSORBERS 


BORON 


NATURAL boron, containing 18-8% 
of the isotope B-10 is of considerable 
technological importance for control 
and burnable poison materials. The 
capture of thermal neutrons by the 
isotope however results in the forma- 
tion of additional atoms producing 
high material stresses. In addition, 
the energy of the ‘fragments’ is dis- 
sipated locally in the material and 
causes further damage to the lattice. 

Attempts have been made to limit 
the radiation damage by alloying or 
otherwise dispersing the boron in a 
strong and ductile matrix. 3-8% boron 
steel extruded tubes and 5% boron 
steel cast tubes sheathed in austenitic 
stainless steel have been used as con- 
trol rods in the Calder Hall type reac- 
tors. In the USA considerable effort 
has been directed towards the develop- 
ment of alloys of boron with stainless 
steel, zircaloy-2 and titanium and of 


New materials under development 
may yet rival boron and hafnium 


boron carbide (B,C) in its pure state 
and dispersed in diluents such as 
alumina, zirconium and _ austenitic 
steel. Increasing boron content gener 
ally increases hot shortness and makes 
working more difficult for all the 
alloys. 

American investigations suggest that 
irradiation causes some increase in 
strength and a marked loss in ductility 
with increased B-10 transmutation. In 
boron-austenitic stainless steel alloys, 
these effects are sufficiently harmful to 
make the alloys of doubtful value 
after burnup of B-10 in excess of 1-2 
at-%. Radiation growth also occurs 
in these alloys. No growth appears to 
take place until about 0°7% of the 
total atoms have been transmuted but 
above this value, growth is rapid and 
proceeds at rates near 3 vol-% per 
at-% B-10 transmuted. At higher 
burnups, the swelling rates appear to 
decrease. Extensive physical damage 
occurs in boron carbide beginning 
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wita loss of hardness and cracking 
after very low burnup and increasing 
sucii that complete granulation occurs 
after 36% burnup. Zirconium boride 
(ZrB.) appears to be able to with- 
staid higher burnup of the B-10 atoms 
than boron carbide with respect to 
helium retention and further, is also 
able to withstand temperatures up to 
about 540°C without exhibiting exces- 
sive helium release. 

The continued use of boron for con- 
trol rods is markedly dependent on 
the swelling characteristics which may 
be accentuated as operating tempera- 
tures are increased. Alloying of boron 
with materials having sufficient creep 
resistance to withstand the helium gas 
pressures may be a step in the right 
direction and further improvements in 
properties, especially ductility, may 
well be obtained by vacuum melting 
the alloys. 

D. R. HARRIES 


HAFNIUM 


HAFNIUM is an ideal control rod 
material for pressurized-water  re- 
actors. Its corrosion resistance is ex- 
cellent, and is considerably better than 
that of the zirconium alloy used in 
PWR fuel element manufacture (silver 
alloys which appear to offer an attrac- 
tive alternative on economic grounds 
are much less resistant to corrosion 
and their radioactive corrosion pro- 
ducts are a source of coolant contam- 
ination). Its mechanical strength is 
similar to that of zirconium. Irradia- 
tion causes an increase in hardness 
and proof stress, with a corresponding 
reduction in ductility, but the changes 
are not significant during the life of a 
single core. Serious irradiation dam- 
age (for example, the swelling of 
boron by gaseous inclusions) does not 
occur in hafnium, and there is no 
phase change in the normal working 
temperature range. 

Hafnium has a high thermal and 
epithermal neutron absorption cross- 
section and its worth remains high 
during irradiation. Most of the absorp- 
tion cross-section is provided by the 
isotopes Hf-177 and Hf-178 but trans- 
mutation produces successively higher 
isotopes, each with a significant absorp- 
tion cross-section. 

Possible developments 1. The pro- 
duction of hafnium ingot by the elec- 
tron-beam melting of high-purity 
sponge may supersede the iodide refin- 
ing process and the subsequent con- 
sumable arc-melting of crystal bar. 
The electrodeposition of hafnium in a 
fused-salt electrolyte is also being de- 
veloped as a_ possible alternative 


method of refining sponge and scrap 
hafnium. 
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2. Improved refining techniques are 
giving a progressively purer hafnium 
metal whose hardness, proof stress, 
and corrosion resistance may be inade- 
quate for control rod manufacture. 
Small impurity additions (notably oxy- 
gen) can be used to restore these pro- 
perties and there appears to be scope 
for the development of a hafnium 
alloy with improved properties. 

3. The thickness of hafnium con- 
trol rods, determined on_ strength 
grounds, is normally more than is re- 
quired to provide a ‘ black’ absorber 
throughout core life. It follows that 
the proportion of hafnium could be 
reduced without affecting the rod 
effectiveness. There is scope for devel- 
oping a hafnium alloy, with adequate 
mechanical and nuclear properties, 
which would be cheaper than pure 
hafnium. If by this means the ratio 
of hafnium to zirconium requirements 
could be reduced to the natural abun- 
dance ratio of the two metals (about 
2%) the economic efficiency of the 
separation and_ refining processes 
would be improved. 

S. E. GOOD 


RARE EARTHS 


SOME rare-earths have high neutron 
absorption cross-sections and can be 
considered as possible reactor control 
materials. Average thermal cross- 
sections compared with hafnium and 
boron are as follows: 


Hafnium 90barns Gadolinium 40000 barns 
Boron 650 ,,  Dysprosium 950 
Samarium 4570 ,, Erbium ms 
Europium 4000 Lutecium 95 


Due to its very high cross-sections 
gadolinium would suffer very fast burn 
out and has therefore limited applica- 
tion, i.e. in low burn-up conditions 


only. The most promising element for 
practical application is europium and 
it is considered that a 20% dispersion 
of europium oxide in stainless steel 
is approximately equivalent to massive 
hafnium in control rod effectiveness. 
Experiments carried out with small 
size sintered europium-oxide and 
gadolinium-oxide stainless steel plates 
in a zero-energy experimental reactor 
have indicated an approximate equi- 
valence to hafnium. 


Fabrication This type of material can 

can be fabricated in a number of 

ways : 
1. Sintering or hot-pressing the ox- 
ide either alone or mixed with 
another refractory oxide as a di- 
luent to form a ceramic. 
2. Cold compacting followed by 
sintering of a cermet consisting of 
20% Eu.O,—stainless steel, the final 
shape being obtained by machining. 
This method has been applied to 
the fabrication of small plates, cold- 
pressing of the powder being carried 
out at approximately 40 tons/in? 
followed by sintering 4h at 1200°C. 
The final density was approximately 
90%, of the theoretical, but no doubt 
this could be improved by higher 
compacting pressures and longer 
sintering times. The product was 
quite easily machined to the shape 
required. 
3. Hot rolling the cermet compact 
either in the green state or after 
partial sintering using the picture- 
frame technique. This method would 
also enable the cermet to be com- 
pletely clad. 
4. Co-extrusion methods. Experi- 
mental, clad Y-shaped control rods 
have been produced by this method 
in the USA. 

M. L. PARKER 


SHIELDING 


CONCRETE 


THE ability to withstand temperatures 
higher than 80°C and to retain suffi- 
cient hydrogen at these temperatures 
are the most desirable properties for a 
shield concrete. Some success has been 
achieved recently in attempts to ob- 
tain concretes adequate in this respect. 


Portland cement concrete 

USED for bulk shields of thicknesses 
greater than 6ft the rate of loss of 
water has been found to be negligibly 
low, except in regions within about 
3 in. of the surface. This type of con- 


Attaining the required weight per unit 
area of shield in an economical manner is 
the main aim; many materials show promise 


crete is dimensionally stable and may 
be placed to the accuracy required in 
the construction of complicated forms 
required in reactor shield construction. 
Both neutron and gamma radiations 
are suitably attenuated, but the gamma 
is more penetrating and usually contri- 
butes the most to the dose rate when 
the shield thickness is greater than 
about 6ft. It is because of this that 
attention has been focused on heavy 
aggregates for more dense concretes. 
The presence of reinforcing steel in 
most large concrete shields complicates 
the problem of estimating the dose- 
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rate and the need exists for more 
precise flux attenuation measurements. 
Some work on this subject is in pro- 
gress at present. 


Heavy aggregate concretes 
AN improvement in the shielding 
properties of concretes can be made 
by substituting aggregates and fines, 
which have higher densities or consti- 
tuent elements of high atomic num- 
ber, in place of gravel and sand. Some 
of the more noteworthy concretes 
used in this country are described 
below. 

Barytes concrete This concrete is more 
difficult to place than gravel concrete 
because of its higher density but is 
just as structurally sound. It is par- 
ticularly useful where high energy 
gamma attenuation is required, i.e. in 
reactor shields. Since it is more costly 
than gravel concrete it is therefore 
only used where the available space 
is limited. 

Tron shot concrete is more economical 
than Barytes concrete and is very use- 
ful for reducing the thickness of bulk 
shields. It is excellent as a gamma 
shield. When used in reactor shields 
the heat generation becomes a prob- 
lem. Since the energy absorption will 
be mainly in the iron, local tempera- 
ture gradients may be severe and dif- 
ferential expansion may cause deteri- 
oration. This aspect has not yet been 
fully investigated. Furthermore, this 
concrete can be used in dry locations 
only, since a damp atmosphere causes 
corrosion of the iron and consequent 
deterioration of the concrete. 


Significance of hydrogen 
content 

Recent investigations indicate that if 
the water content of concrete falls be- 
low 4% by weight, the neutron shield- 
ing efficiency is impaired, on the other 
hand, no great advantage is obtained 
by increasing the water content above 
7% by weight. Granite concrete of 
density 2:‘5gm/cm* contains about 
44° of water by weight. 

Increased water content is to be 
desired, particularly if the neutron 
shield is to be of high density. 

The use of hydrogenous aggregates 
appears to be the best means of ob- 
taining concretes of high density and 
high water content. Specimens of con- 
cretes with British aggregates have not 
yet been tested but by analogy with 
some American concretes they should 
prove satisfactory, 

A disadvantage of all the foregoing 
concretes is the loss of water with 
rising temperature; 50°, of the water 
of hydration and all the interstital 
water may be lost if the temperature 
exceeds 100°C. In some concretes dis- 


integration may commence at temper- 
atures as low as 120°C. It is therefore 
necessary to prevent overheating of 
these concretes by providing thermal 
shields or cooling. 

Two other types of concrete are 

available which are not subject to such 
temperature limitations. These are: 
Serpentine Concrete and Borocalcite 
Concrete. 
Serpentine concrete Results of tests 
made in the USA indicate that con- 
crete containing Serpentine rock will 
hold most of its initial hydrogen con- 
tent for periods of over ten years at 
temperatures up to 800°F. 

The concrete can be applied with 
advantage to regions in the reactor 
shield structure which are exposed to 
relatively intense neutron radiations 
and are at high temperatures but only 
lightly stressed. It is especially suit- 
able for the top biological shields of 
large thermal power reactors, where 
the shield is displaced unavoidably, by 
arrays of standpipe penetrations. The 
conditions in regions adjacent to the 
main coolant ducts and the floor of 
the reactor vault can be improved with 
the use of this material as a shield. 

An alternative application of the 
Serpentine rock is the use of finely 
powdered material in steel containers 
to form shield plugs, where local neu- 
tron shielding at high temperature is 
required. Densities of 1301b/ft* have 
been achieved for the rock in this 
form. 

Further development, to determine 

the optimum aggregate size and mix 
proportions of the concrete is likely 
to result in improved structural pro- 
perties. 
Borocalcite concrete Recent tests have 
shown that concrete of strength equal 
to the ordinary Portland concretes 
with a setting time of 34 h can be made 
containing up to 7% of Borocalcite of 
Colemanite (2C.0.3B,0,.5H.O). 

The presence of boron and a water 

content of about 6% by weight gives 
improved neutron attenuation, a softer 
capture gamma spectrum and a lower 
total heat generation rate when used 
as a reactor shield. 
Borated diatomaceous-earth concrete 
Concrete with diatomaceous-earth as 
the aggregate has been developed re- 
cently in the USA with the object of 
achieving a high temperature neutron 
shielding material. It is claimed to be 
capable of withstanding temperatures 
up to 2000°F and has a compressive 
strength of greater than 1000 Ib/in?. 

The main applications for this 
material are clearly those sections of 
the reactor shield which demand a 
material capable of attenuating neu- 
tron radiation and which is an effi- 
cient thermal insulator. These sections 
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of the reactor building are the bio o- 
gical shield plugs, regions near “ne 
main coolant ducts and the inner pa ‘ts 
of the reactor vault generally. 

The relatively low density of ‘he 
concrete makes it unsuitable as a 
gamma radiation shield without ‘14¢ 
addition of a layer of other suita )le 
dense material. The development of 
this concrete as a thermal shi:ld 
material in place of the usual iron 
layers could show some advantage in 
cost. 


NON-METALS 


Resin-impregnated wood 


THIS material is in the form of 
resin-bonded wood laminate. It is suit- 
able for neutron shielding in conai- 
tions of relatively low neutron fluxes 
and temperatures up to 150°C. It is 
used as neutron shielding on fuel 
charge-discharge machines, and in fuel 
storage areas to reduce the probability 
of criticality. The upper limit of 
150°C on the temperature restricts the 
use of this material to the regions 
external to the bulk reactor shield. 


Polythene 


RECENT development has been aimed 
at producing initially bubble-free 
blocks of uniform density  con- 
taining evenly dispersed boron. This 
quality of borated polythene is now 
being produced, and is suitable as a 
neutron shield to reduce background 
radiation in the vicinity of instruments 
or as an external layer to attenuate 
neutron radiation which could other- 
wise escape from gaps in main shields. 

The softening which occurs at tem- 
peratures above 60°C limits the use 
of polythene to regions remote from 
any heat source. Furthermore high 
intensity irradiation produces free 
hydrogen in the material which causes 
bubbling and swelling—hence the use 
of the material is limited to low flux 
regions. 


BORON 


Calcium borate 


A MATERIAL composed of borated 
calcium minerals in a _ matrix of 
asbestos has been produced in the 
USA. Irradiation tests show that the 
material will withstand, without deteri- 
oration, an integrated dose of 210°" 
nvt and can be used at temperatures 
greater than 1000°F. 

This material is suitable for shield- 
ing in regions of relatively high neu- 
tron flux and high temperatures. It is 
being applied to the gaps in the biolo- 
gical shield of the Enrico Fermi reac- 
tor around the hot coolant ducts to 
reduce neutron streaming. 
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The rather low density and low 
hydrogen content limit the use of this 
material to local regions in main 
shields where these deficiences can be 
made up by other adjacent materials. 
lis usefulness as a ‘thermal’ shield 
and its usefulness in reducing radia- 
tion damage to other materials near 
the reactor will be investigated. 


Boral sheet 


IMPROVEMENTS have been made 
recently in the manufacture of boral 
sheet. Originally the process was one 
of sintering boron carbide with alu- 
minium powder and pressing between 
aluminium sheets. The resulting sheet 
was expensive and not workable. The 
present boral sheet is made by mixing 
boron carbide powder with molten 
aluminium and hot rolling between 
aluminium cladding. The new boral 
is cheaper (about £3 7s 6d/ft? 0°18 in. 
thick) and can be worked with the 
freedom of aluminium itself. 

Where this material is used within 
the reactor vessel the edges must be 
sealed to prevent contamination. Its 
use in such localities is limited by the 
loss of strength at the temperatures 
reached. The self heating due to ther- 
mal neutron absorption will be quite 
high. Because of these two reasons 
and its cost, it is seldom used inside 
reactor vessels, even though it is other- 
wise an attractive shield material. 
Boral is not compatible with concrete. 


Boron steel 


A SECOND method of containment 
for boron is to alloy it with steel. 
Additions of up to about 10% of 
boron may be made, but with over 
2% of boron the steel is difficult to 
machine. Little is known about the 
corrosion rate of unclad boron steel 
under reactor conditions but it should 
not vary considerably from that for 
comparable steels which have been 
tested. The rate of transference of 
boron from such steels by coolant is 
unknown and requires investigation. 
It is preferable that all boron steels be 
clad where there is contact with the 
coolant. 

Compared with 0-18 in. boral plate 
the thickness of boron steel plate 
would be about 14 in. thick to give 
the same thermal neutron attenuation. 
The costs would be comparable. When 
cladding is added to the boron steel 
then the cost is increased. The cost of 
Stainless boron steel is so high that it 
warrants a full investigation of boron 
transference from the steel by the 
coolant before using this steel in pre- 
ference to boron steel clad with mild 
steel. 
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It is sometimes overlooked that the 
inclusion of about 2% of boron in 
stainless steel does not eliminate ther- 
mal neutron capture in iron so that 
there will still be a high energy cap- 
ture gamma spectrum and residual 
activity, particularly if the boron steel 
is clad on the reactor side. 


OTHER METALS 


Lead 


THE application of lead as shield 
material has been extended by several 
manufacturers mainly by combining it 
with other dissimilar materials. 
Bonded mixtures have been produced 
which have, to some extent, the pro- 
perties of lead for gamma radiation 
attenuation and the elastic or the neu- 
tron attenuating properties of the 
other material. Examples of these pro- 
ducts are lead-rubber, lead-polythene 
and lead-resin-wood. 

Leaded-rubber may be used in rela- 
tively low neutron and gamma fluxes 
as a sealing or packing material where 
flexibility is advantageous, e.g. to 
shield the irregular gaps between mas- 
sive shield blocks. Lead-polythene and 
lead-resin-wood can be applied in the 
form of blocks for temporary shield- 
ing of experimental facilities or, of 
course, in place of separate layers of 
lead and polythene or lead and resin- 
wood as secondary shielding of marine 
and other small research reactors. 


Cast iron 


IN the form of standard blocks, this 
material forms a simple and effective 
gamma shield. Attempts are being 
made to establish a minimum density 
to casting size relationship for cast- 
iron supplied for shielding purposes. 


Zinc bromide solution 


ZINC bromide is one of the most 
soluble salts which produces a colour- 
less transparent solution. The solution 
can contain up to 80% of zine bro- 
mide by weight and achieve a density 
of 2°5 gm/cm*. The solution is chemi- 
cally stable although corrosive to mild 
steel. Its main use is for windows 
through thick shields for which pur- 
pose it is contained in a stainless steel 
or plastic tank with glass ends (the 
inner glass being radiation stabilized). 


Discussion 


Because most concretes lose water 
more rapidly as the temperature rises 
above 80°C it is essential to limit the 
radiation heating in the concrete. The 
majority of this heating is due to ab- 
sorption of gamma radiation produced 
by capture of thermal neutrons. 

There are some 40 elements which 





have capture cross sections greater 
than that of iron (2:5 barns), ranging 
from gadolinium (38,000 barns), 
through cadmium (3300 barns) and 
boron (755 barns). Due to the com- 
paratively high costs, low melting 
points etc. of the other elements, only 
cadmium and boron compounds can 
be considered competitive with iron or 
steel. A steel thermal shield gives some 
attenuation of the capture gammas 
produced in the shield. By compari- 
son, a cadmium shield equivalent for 
thermal neutron capture would be too 
thin to give appreciable self absorption 
of the gamma radiation. Boron, how- 
ever, produces only low energy gamma 
radiation and the amount of heating is 
less than half of the total heating 
produced by either iron or cadmium. 
With the boron thermal shield there 
will be little attenuation of the gamma 
and fast neutron components arising 
in the core. Therefore‘unless some spe- 
cific condition is required e.g. reduc- 
ing the activation of the pressure ves- 
sel and concrete, steel is preferred as 
a thermal shield material. 

The main aim in choosing material 
for gamma radiation shields is to 
attain the required weight per unit 
area of shield in an economical man- 
ner. Suitable materials should be re- 
viewed with respect to cost and atten- 
uating properties. A good approach is 
to obtain the ‘ relative values’ of the 
materials on the basis of the macro- 
scopic cross section for the reaction 
and cost, i.e. assume that ‘ relative 
value’ R = p»./cost where » = absorp- 
tion coefficient, cm-? cost is given in 
units of shillings/ft?. The table gives 
some ‘relative values’ referred to 
ordinary concrete as unity. 


RELATIVE VALUE 





SHIELD MATERIAL FOR 1-5 MeV 
PHOTONS 
Ordinary Concrete 
(Whinstone Aggregate) 1 
Water (untreated) 556 
Common Brick 0-988 
Tron Shot Concrete 0-913 
Lead 0-837 
Steel 0-829 
Barytes Concrete 0-546 


Note that the costs include placement 
of concrete and brick and erection of 
steel. The cost for lead is material 
only, and for water, only the pumping 
charges are included. 

From these results it is clear that in 
cases where water is impractical, ordin- 
ary concrete or brick is the cheapest 
shield. Where space is restricted iron 
shot concrete may be used if the con- 
ditions are dry, otherwise the choice 
is steel, cast iron or lead. 


A. JACKSON, E. W. SIDEBOTTOM 
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COMPONENTS 


Under investigation: the effect of very high energy 


neutrons on steels... 
concrete 


FERRITIC STEELS 


RECENT investigations at Harwell 
have been concerned with deter- 
mining the effects of neutron irradia- 
at 50°, 130° and ~ 300°C on the duc- 
tile-brittle transition temperatures of 
Charpy V-notch specimens, machined 
from welded plates of mild and low 
alloy steels suitable for reactor pres- 
sure vessels, and tested in slow-bend. 
The maximum irradiation embrittle- 
ment appears to occur at an irradia- 
tion temperature of about 130°C. The 
fast neutron dose was measured using 
sulphur monitors and assuming a 
cross-section of 65 mb for the §-32 
(n,p) P-32 reaction. 

The semi-empirical relation between 
the increase in transition temperature 
(A\T) and the integrated neutron dose 
(¢) (AT = Ad¢*) derived by Cottrell 
is based on measurements of the inte- 
grated thermal neutron dose under 
conditions where the ratio of thermal 
to fast neutron flux is about 10:1. 
However, thermal neutrons do not 
cause radiation damage in steel. It 
is believed that most of the embrittle- 
ment is caused by the group of neu- 
trons with energies greater than | MeV 
and, if this is so, the very high energy 
end of the neutron spectrum in reac- 
tors is the most important. The thres- 
hold of the S-32 (n,p) P-32 reaction 
is about 3 MeV and so this measure- 
ment of the fast dose is probably suit- 
able for correlation with radiation 
damage. 

Assuming that the ¢! dependency 
is obeyed, all the results for the steel 
parent plate, weld metal and heat- 
affected zones irradiated at 130°C lie 
within a scatter band defined by 
\T = 27:3 ¢,' and AT = 56-7 ¢ 

Thus, the results indicate that where 
a pessimistic rather than the mean 
estimate of the dose dependence is 
required, the relation A\T = 55 ¢,' is 
suitable, where AT is in °C and 4, is 
the sulphur dose in units of 10'* 
n/cm? 

At the US Naval Research Labora- 
tory investigations have been made on 
Charpy V-notch and miniature Pellini 
drop weight (2 * 5 X ¢in.) specimens 
of several steels and welds representa- 
tive of heat-treated reactor pressure 
vessel material. There is a straight 
line relationship between the increase 
in transition temperature as measured 
by the 30ft-lb temperature in the 
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the use of large precast 
items . . . the future of silicon carbide 


Charpy impact test and the increase 
in the Nil Ductility Transition (NDT) 
temperature in the small size drop- 
weight test. 

Post-irradiation annealing studies at 
ORNL on mild steels have shown that 
the recovery begins at temperatures 
between 260°C and 315°C with 14h 
annealing periods. The rate of recov- 
ery increases with increasing neutron 
dose at 60°C and specimens irradiated 
at 300°C do not recover as rapidly as 
specimens irradiated to the same dose 
at 60°C. 

Future work on irradiation effects 
must include detailed studies of para- 
meters such as neutron dose, neutron 
energy, instantaneous neutron flux, ex- 
posure temperature and_ recovery 
characteristics, coupled with extensive 
investigations of type of steel, grain 
size, etc. before optimum use can be 
made of mild and low alloy steels in 
nuclear reactors. 

D. R. HARRIES 


CONCRETE 


THE total cost of the concrete used 
in a typical nuclear power station 
is greater, with the exception of the 
uranium, than that of any other single 
material. Most of the properties of 
concrete are well understood but there 
are gaps in present knowledge about 
its behaviour under elevated tempera- 
ture conditions and about its structural 
integrity after prolonged irradiation. 

Successive tensile and compressive 
strain patterns of an unknown magni- 
tude are engendered by phenomena 
operating during the setting and hard- 
ening of a biological shield. These 
phenomena include, inter alia, heat of 
hydration, drying shrinkage, creep, 
and thermal movements. 

The strains before commissioning are 
thus indeterminate and the designer 
then investigates, by the present arbi- 
trary techniques, the further strains 
resulting from operational tempera- 
ture differentials. 

If prestressing wire is present in the 
shield, the effect of irradiation on high 
tensile steel has to be allowed for in 
the design. 

Recent developments The most signi- 
ficant current development is the use 
of concrete as a combined biological 
shield and pressure container. The 
proposal does not merely eliminate 


the steel pressure vessel; it als» 
markedly improves the safety of th 
structure against the hazards of ten 
perature and pressure excursion. 

Other current developments i 
design philosophy include a bette 
appreciation of thermal stress prot 
lems, a widening use of specially-heay 
shielding concretes, and the use o 
very large precast items. 
Present and future research Value 
of creep and shrinkage tend to var 
with time, temperature and stress level 
Work is currently in progress a 
several establishments to investigats 
these relationships. Simon-Carve 
Limited of Stockport have, for ex 
ample, undertaken a series of therma 
stress experiments to evaluate the fac 
tors affecting the stressing of concrete 
under temperature gradients. The ob 
ject is to simplify the approach to 
thermal strain-resistance in concrete 
shields by identifying the optimum 
relationship between concrete area 
steel reinforcement, and shield cooling 
system. 

S. GILI 


SEMICONDUCTORS 


TWO examples of the contribution 
that semiconductor research has 
made to nuclear engineering are the 
purification of metals to less than 1 
part per billion by the zone refining 
technique, and the original work by 
McKay on radiation damage in pn 
junctions. 

The desire for devices with higher 
operating junction temperatures than 
those currently available in german- 
ium (100°C) and silicon (200°C) has 
given impetus to the exploration of 
other semiconductor materials with a 
larger energy gap, such as gallium 
arsenide and silicon carbide which in 
turn will permit maximum junction 
temperatures in excess of 300°C. 

Due to the more complex metallurgy 
of these new materials control of 
purity and perfection has not yet 
reached the advanced stage of that in 
silicon and germanium, However, 
there is already a gallium arsenide 
tunnel diode commercially available. 
It has the added advantage of being 
able to withstand a higher radiation 
level than the equivalent germanium 
device. 

Semiconductor neutron detectors 
have already been made available in 
the USA, the miniaturization and spe- 
cial resolution in neutron flux plotting 
is of great value. The possibility of 
extending semiconductor detectors to 
cover alpha and beta counting has 
been demonstrated. 

P. H. STEPHENS 
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Patient development work has overcome such problems 


as the limited space in reactor experimental holes, the 
suspect nature of heat transfer calculations, and 
the difficulties of temperature control of specimens 


Irradiation techniques 
for fissile materials—1 


by O. S. PLAIL, A.M.1.Mech.E., Group Leader, Irradiation Branch, Metallurgy Division, AERE, Harwell 


eve VARIOUS GROUPS of tests forming the bulk of fissile 
irradiation work in support of reactor technology can 
roughly be divided into three: 

(1) Full size fuel element testing in a power or 
production reactor. This is a statistical approach involving 
large numbers of either standard or near standard fuel 
elements and is a vital part of the experimental process 
because only in such tests can overall reactor conditions 
and effects be studied. This type of experiment must 
inevitably take a long time to obtain results because heat 
output (i.e. fissile content), cartridge dimensions etc., must 
conform closely to normal standards for the reactor in 
which the tests are being carried out. 





OUTLINE 


This is the first of a series of articles describing the 
evolution of some of the experimental techniques for 
irradiation testing of fuel materials developed for the 
Irradiation Group in the Metallurgy Division at Harwell. 
In the USA and Canada, this type of work has been carried 
out for some 12 to 15 years at many establishments but 
in the UK, few experimental fissile irradiations took place 
before about 1950. 











(2) Accelerated test using dynamic loops (i.e. rigs in 
which the coolant is pumped past the test specimens) in 
a test reactor. These tests frequently attempt to obtain 
information on near full size prototype fuel element 
behaviour in advance of the tests described in (1). Because 
of the relative smallness of most test reactors resulting 
in large flux gradients, the need for fairly substantial pres- 
sure vessels to contain the coolant and the need to use 
enriched material to speed up the tests, the experiments 
become a poor substitute for those under (1) and can 
seldom be statistical. There is, however, a type of loop 
testing which is most valuable (i.e. where environmental 
conditions are important) and in these circumstances, small 
dynamic loops with limited heat output to accommodate 
small specimens are frequently used. In the USA the 
large type loop is frequently used and reactors such as 
the ETR at Idaho are specifically designed to house such 
experiments. In the UK, however, the large loop is not 
popular although several smaller loops of the latter type 
have been used. 

(3) Small scale irradiations where environmental con- 
ditions are of secondary importance provided they do 
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not affect results. These experiments, which utilize speci- 
mens considerably smaller than full scale fuel elements, 
are essentially scientific in character. Their aim is to 
study irradiation damage and metallurgical effects in the 
fuel. As the tests are carried out on small specimens, a 
larger number of samples may be involved and thus a 
wider range of fuels may be studied than is possible in 
(1) and (2). Although these tests are no substitute for (1) 
because only the fuel is studied, they can give information 
of assistance in understanding reactor fuel element 
behaviour. 

The problems involved both in the in-pile apparatus and 
the post irradiation equipment (to be covered in a later 
article) are complicated, involve the expenditure of very 
large sums of money and have required years of careful 
and patient development. The cost in money and effort 
has often not been appreciated in the past, and there has 
been a tendency to regard irradiation testing as merely 
dangling a piece of metal on a length of wire in a reactor. 


SPECIMEN CONSIDERATIONS 
In the recent past, the bulk of the fissile irradiations car- 
ried out by the Metallurgy Division at Harwell has been 
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on uranium and its alloys although some work has also 
been undertaken on ceramic fuels. Sample sizes have 
ranged from 0-5 g up to 200g and resulting heat outputs 
from 20 W to 2000 W per specimen. Once an experimental 
programme has been decided, the specimen size and shape 
must be resolved before work can proceed. In choosing 
actual specimen parameters, these factors are involved: 


(a) time to achieve required burn-up 

(b) permissible heat output 

(c) surface heat rating (this can affect the accuracy with 
which temperature can be measured) 

(d) permissible thermal gradient in specimen 

(ec) ratio of burn-up outside /centre. 


These inter-related factors are, to a large extent, con- 
trolled by the choice of the enrichment. 

In thermal reactors, a law of diminishing returns applies 
to enrichment. As the enrichment increases, so does the 
average burn-up rate but not in direct proportion and a 
point is fairly rapidly reached where it is not worth in- 
creasing the enrichment because of the small gain. 

In other words, the blackness of the specimen to 
neutrons increases rapidly so that specimen size is strictly 
limited or the enrichment gives rise to unnecessary low 
burn-up in the centre of the specimen (see Fig. 1). 

The use of either enriched material or higher flux reac- 
tors, or both, for these small scale experiments speeds up 
the tests and leads to higher ratings and high fission and 
thermal gradients in the specimens. Thus if work is under- 
taken in support of a graphite moderated reactor of say 
the CEGB type, the test conditions may well be dissimilar 
to actual power reactor conditions. For tests in support 
of a fast reactor programme, the situation may be more 
complicated. 

Interpretation of the results must be carefully done and 
although experiments of this type are relevant, the results 
should be judged with those obtained in comparable ex- 
periments and should not necessarily be translated directly 
to production fuel element behaviour. In spite of these 
difficulties, however, a wide variety of tests is possible in 
which the effects of many variables may be studied. 

The other important factor influencing the choice of 
specimen parameter is the flux depression due to the test 
rig itself. This is very marked with some loop pressure 
vessels and it should be the aim of the rig designer to 
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minimize this depression. In any case, a knowledge of the 
actual flux depression in a particular rig is essential and 
wherever possible, low power runs to measure this should 
be carried out on rig mock ups. It has been found that 
on average, the time spent by an experiment of this type 
in a reactor is perhaps only 25-30% of the total experi 
mental time from inception to completed examination. 
Therefore, any speed up of irradiation time produces 
overall, a small percentage reduction in overall time but 
may increase technical difficulties disproportionately. 


GENERAL RIG DESIGN 


The fundamental problems are threefold: 


1. removal of heat generated during irradiation 
2. control of temperature 
3. 


accurate measurement of temperature. 


These separate but closely linked problems become more 
severe in higher flux reactors. Moreover, there are frequent 
materials problems as many metals and plastics, which 
could be used in the laboratory, are unusable in the reac 
tor due either to high absorption cross-sections, incom 
patability with other components or breakdown under 
neutron bombardment. One other difficulty often over 
looked but frequently severe, is the very limited space 
available in the reactor experimental holes. From these 
general difficulties arise many detailed ones such as 
methods of introducing power and thermocouple leads, 
jointing these reliably in the reactor, permissible coolants 
and their containment, heater manufacture, operation and 
reliability etc. 


EARLY DESIGNS 


In retrospect, early designs may not appear elegant but 
there was no previous experience or knowledge available. 
The difficult task had to be faced of obtaining reliable 
scientific data to a tight experimental schedule whilst devel- 
oping the experimental apparatus and, therefore, untested 
techniques had to be used. Additionally, only a very 
limited quantity of fissile material was available. 

A very large proportion of the early experiments were 
in support of an advanced reactor program and informa 
tion was required on the effect of high burn-up on metallic 
fuels. Apart from Bepo with an available flux of 10! 
neutrons cm*/s, no research reactors were then available 
in the UK so the work was carried out in the produc 
tion reactors at Windscale, using the only available experi 


Type of canning used 
for the first foil 
specimens (Fig. 3) 
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mental holes. These were situated close to the centre line 
of the reactors and included both 4-in. and 2-in. holes 
which extend right into the reactor core (Fig. 2). The 
4-in. holes on the reactor centre line were chosen for this 
work and liners of aluminium some 32 ft long and nominal 
4in. dia. were fitted in each. Each liner penetrated into 
the reactor so that the lower 12 ft or so was in the flattened 
region and a fairly uniform flux was experienced. It was 
essential that these liners were satisfactorily sealed at their 
lower end to avoid leakage of the reactor coolant. At their 
top end they were fitted with neutron shielding plugs. 
The irradiation samples chosen had low heat outputs 
and no special cooling arrangements were incorporated, 
the heat being lost by natural convection and conduction 
to the liner and thence to the reactor coolant. The first 
samples irradiated in these facilities consisted of thin 
slices of highly enriched uranium 0-010-0-015 in. thick x 
0-3 in. X 0°15 in. Figure 3 shows the first rig. Two speci- 
mens were contained in small thin-walled sodium filled 
stainless steel capsules which were held either side of a 


Coking shown by a 
piece of unalloyed 
uranium foil after 
irradiation (Fig. 4) 


rather heavy thermocouple pocket inside a stainless steel 
can. This second can was incorporated as it had been 
agreed with the reactor group that where sodium was 
used, a double containment should be provided. It was 
further contained in an outer aluminium case lagged with 
aluminium foil. The first heat transfer calculations indi- 
cated that the specimens should operate between 500- 
600°C but, on insertion in the reactor, the temperature 
rose rapidly to well over 800°C and probably nearer 
1000°C. The capsule was withdrawn into the biological 
shielding and allowed to decay radioactively for several 
weeks until it could be handled for a short time. The 
outer casing of the rig was then removed and the samples 
replaced in the reactor. The removal of this outer insula- 
tion layer reduced the temperature to approximately 500°C 
and the rig was left in the reactor to complete its burn-up. 
Subsequent examination showed that the short excursion 
above 700°C had caused the uranium and the stainless 
steel to alloy and the experiment was in a sense wasted. 
Perhaps it was fortunate that this first experiment 
failed as this demonstrated the basic triple problems of 
heat transfer, temperature control and temperature mea- 
surement and immediate steps had to be taken to overcome 
the difficulties. Since then, laboratory mock-ups have been 
built wherever possible and heat transfer calculations re- 
garded with considerable suspicion. This attitude is still 
adopted even with fairly advanced type of rigs now in use. 
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The next type of rig contained similar samples but the 
small capsules were now fitted with a barrier of zirconium 
between the steel and the uranium to prevent alloying. In 
addition, the outer stainless steel capsule was sodium filled 
to improve heat transfer and wound with a heater made 
from mineral insulated cable. Outside this, to conform 
to the double canning standard for sodium, was a third 
stainless steel can and outside this, an aluminium casing. 
This rig operated at 500°C for some two months before 
the heater failed. In sodium-filling this second can and 
supplying a heater, the principle of overcooling coupled 
with auxiliary heat to provide temperature control, was 
established, and this technique has been adhered to in ail 
subsequent work. 


Furnace used for irradiating single crystals at 500°C in one 
of the Windscale 2 in. holes (Fig. 5) 


For these early experiments the measurement of total 
integrated neutron flux was tackled by a combination of 
calculations from known flux levels in the reactor and 
the insertion of cobalt monitors for subsequent activity 
counting. Even at this early stage, the evolving rig de- 


sign was raising side problems such as the safe and 
efficient handling of sodium, sodium filling, handling tech- 
niques, welding of very thin stainless steel, heater devel- 
opment, economical use of fissile material and many more. 
Perhaps the most important was the heater problem and 
although considerable progress has been made, it is still 
one of the major worries of rig design. To avoid any 
hazard to the reactor and possible delays to the reactor 
program, great care had to be taken with the safety of 
the rigs and the designs tended to be more complicated, 
the external shape becoming rather like a fast torpedo, 
the shaped ends of which eased insertion and removal 
from the reactor. Several features of these earlier rigs 
have been retained in the modern designs. These include 
sodium filling for heat transfer, double containment of 
fissile material and sodium and the use of mineral insu- 
lated cable for both thermocouple and power leads. The 
choice of sodium for heat transfer was made arbitrarily 
but with experience, this is felt to have been correct. The 
only other reasonable material that could be used is 
Sodium-Potassium alloy, NaK, as used in the USA. 
Although molten at room temperatures and, therefore, 
somewhat easier to handle than sodium (which has to be 
heated to about 150°C for handling) it is chemically more 
reactive and its thermal conductivity is about three times 
worse than sodium. Therefore, thermocouple readings 
taken from a point in the liquid metal filled cans are liable 
to a considerably worse error than if sodium only were 
used. This is extremely important especially when dealing 
with specimen surface heat ratings of some 200 W/cm?. 
A series of capsules similar to the first designs were 
irradiated each containing similar foils of uranium at 
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temperatures ranging from 400°C to 800°C but in most 
of the capsules trouble was experienced with both heaters, 
thermocouples and connexions. All the samples exhibited 
very serious ‘ coking’ (Fig. 4) and were very friable. 

The most successful of the early experiments was work 
on the growth of uranium under irradiation and consisted 
in irradiating two separate batches of pseudo single crys- 
tals of natural uranium. The experiment aimed at study- 
ing the growth mechanism of irradiation growth, one batch 
being irradiated at 500°C and the other at 200°C. These 
latter samples were contained in an aluminium block in 
a standard isotope element can and irradiated in a stan- 
dard isotope channel in the reactor so that their tempera- 
ture closely approximated to that of the coolant air. The 
other batch was contained in a graphite former sealed 
into a silica capsule around which a nichrome furnace 
was wound (Fig. 5). This was irradiated in a 2 in. dia. 
vertical experimental hole for some 8 months at 500°C 
during which time the furnace worked excellently. 


INCREASED PROGRAMME 


It had been the practice to irradiate not more than two 
samples side by side in the same capsule but to meet the 
increased programme it was decided to irradiate eight 
specimens in each 4-in. experimental hole. For conven- 
ience, the specimens were grouped in two batches of four 
so that if failure in one batch took place, then not all the 
specimens would be lost. A specification for the new rigs 
which were necessary is as follows: 


. Each rig to be capable of independent removal. 

. Each rig to contain four specimens. 

. Capsules to be contained in sodium in a stainless steel 
can. 

. A barrier of zirconium to be maintained between the can 
and the specimen. 


. Double capsules to be used to avoid risk of fission pro- 
duct or sodium escape should an inner can fail. 

. All specimens to be temperature controlled. 

. Two thermocouples to be used for each specimen; one for 
the direct control of temperature; the other to provide 
an overriding control should the temperature of the rig 
get too high. 


8. Life of the rigs in reactor to be some 6 to 8 months. 


(In general terms this specification has much in common 
with that used for present day designs). 

The earlier experiments had shown that the foil experi- 
ments suffered very severe damage (see Fig. 4), possibly 


Photograph of a typical unirradiated pellet (Fig. 6) 
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Illustration of the liners and rigs originally devised for 
Windscale (a); design of the first rig (b); details of the 
canning assembly (c) (Fig. 7) 


caused by the grain size of the metal approaching the 
thickness of the samples so that anisotropic effects would 
be marked. Because of this, the samples were produced as 
buttons (see Fig 6) although this was only done after it 
was found almost impossible to produce cylinders of small 
size by arc casting. The final sample size chosen was 
approximately 0-1 in. dia. X 0-1 in. high. 

At the same time, the sample enrichment was chosen 
so that the ratio of flux on the surface to flux in the centre 
was 60%. 

The first rigs to this new specification are shown dia 
grammatically in Fig. 7b and the method of fitting into the 
reactor is illustrated in Fig. 7a. The rig was a long thin 
torpedo shaped container of 0-020 in. thick stainless steel 
fitted with shaped aluminium ends. Inside were fitted four 
nichrome furnaces wound in alumina beads on another 
thin stainless steel tube. These furnaces were independently 
controlled but to save space and reduce the number of 
power leads a common return was used. The ends of the 
furnaces were held in position by stainless steel clips and 
the ends of the nichrome windings brazed to copper cored 
mineral insulated cable which in turn was joined outside 
the rig to aluminium cored aluminium clad mineral insu- 
lated cable specially manufactured for the purpose. The 
use of aluminium considerably eased the problem of waste 
disposal of the cables. The jointing of these cables was 
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a serious problem and failed furnaces were frequently 
due to failure at the joint. The brazes inside the rig were 
another source of constant trouble as the slightest trace of 
flux left after brazing would cause severe corrosion in the 
reactor. The trouble was overcome by the use of high 
temperature brazes coupled with a very rigid inspection. 
The specimens were contained in small stainless steel cap- 
sules (see Fig. 7c) located one above the other with ceramic 
spacers between. Mineral insulated steel clad chromel/ 
alumel thermocouples were used and were taken up past 
the higher capsules through the spacers, finally leaving the 
rig via a small aluminium plug. As can be seen from 


Fig. 7a, two of these rigs were inserted into one of */* 


the experimental holes in a staggered position. They 
were separated by a pair of aluminium tubes which termin- 
ated at the lower end in a flat aluminium plate and at the 
upper end were attached to the neutron shielding plug 
through which passed tubes carrying the power and ther- 
mocouple compensating cables. The first pair of these rigs 
worked fairly well in pile but difficulty was experienced 
when unloading. To remove them, a long flask to 
contain the active wires was borrowed from other work 
and a simple coffin to hold the rigs constructed, similar 
to that used for the earlier rigs. These were stacked, rest- 
ing upon a stool over the top of the experimental hole 
and a small gap left between the top of the rig flask and 
the bottom of the cable flask to permit the cables to 
be sheared by bolt clippers after removal of the rig from 
the reactor. Briefly, the removal operation was as follows: 
after reactor shutdown, the shielding plug was withdrawn 
and the two aluminium tubes disconnected from the plug 
and clamped together at the top of the hole. As much 
of the wires as possible was cut away until their activity 
prevented any more being exposed and a clamp attached 
to the remainder. The flasks were stacked up and the 
rig withdrawn until the top of the rig just appeared in a 
mirror placed conveniently between the two flasks. The 
lower shutter was then closed, the cables sheared and the 
rig retained in the flask. This arrangement gave partial 
success but jamming occurred as the rig was just coming 
out of the top of the reactor hole. In principle, this 
apparatus was correct but it was obvious that steps had 
to be taken to prevent this trouble and special purpose 
equipment built. The main trouble seemed to be with the 
aluminium dividing tubes and this device needed drastic 
revision. At this point therefore, a design study was under- 
taken by the Harwell Design Office, the Engineer in charge 
being A. G. Ashburn. 

Because the reactor was used for production, it was 
essential for shut down time to be minimized and, because 
the experimental work which took up about 40% of the 
available experimental holes was likely to cause delays 
to start up times, it was decided to design for unload 
and reload during reactor operation. Figure 8 shows the 
final overall design. The most important change made was 
in the shape of the rig casing which became oval 
instead of circular although the actual furnace arrangement 
was not modified. To accommodate two rigs side by side in 
the reactor thimble an aluminium liner with an integral 
web was designed but presented considerable trouble in 
production because of its shape and the tight tolerances 
required. It was impossible to produce it in the work 
hardened condition so that to provide extra strength an 
aluminium magnesium alloy was used. This gave some im- 
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Illustrations of the assembly of liner tube, rigs and coffins 
used with the pile running, (a) irradiation of experiment, 
(b) unloading (Fig. 8) 


provement but even so, the liner produced was very liable 
to distortion during handling which would have resulted 
in jamming of the rigs. To overcome this and avoid 
distortion whilst loading into the reactor, angle iron crates 
were fabricated; these were used both for transporting 
and inserting the liners into the reactor. The crate, com- 
plete with liner, was hoisted vertically and the liner 
carefully lowered into the reactor. Another innovation 
was the graphite stringer below the rig. This con- 
sisted of graphite segments each about 3 in. long formed 
into a string which carefully fitted very closely the shape 
of the half section of the liner. Its purpose was to act 
as a neutron shielding plug after the removal of a rig. 
It was attached to the rig by a quick release clip in an 
aluminium block so that as the rig was removed it could 
be readily detached and held in position ready to receive 
the next rig. Apart from the outside shape the new rig 
was almost identical with the earlier one but all the 
cables and wires were contained in an aluminium tube 
which supported the rig in the thimble via an aluminium 
yoke. This tube passed up through the liner and through 
the top shield plugs being held in position by a clamp. 
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From the top of the plug the wires and cables were taken 
across the top of the reactor to the control panels. The 
unload procedure with the reactor operating was as fol- 
lows: The flasks (see Fig. 8) were assembled over the 
reactor thimble on a shielded stool and the rigs winched 
up. As the rig came close to the shield plug this lifted until 
the rig came clear of the reactor; at this point it was 
disconnected remotely from the graphite stringer and passed 
up into the coffin. The lower shutter was closed and a 
guillotine used to shear the cables. The top shutter was 
closed and the cable collected in the two top flasks be- 
tween which was another guillotine to shear the cable 
into two sections. The process was reversed for loading 
a rig with the reactor operating except that the cable 
coffins were not used. When the apparatus was tried, the 
insertion of the inactive ‘rig’ was successfully carried 
out, but an attempt to remove this assembly when trouble 
developed with the thermocouples was unsuccessful. 

Although considerable care was taken jamming occurred 
at various places in the liner tube and a position was 
reached where the rig had completely left the pile, 
but had not reached the uncoupling position. At this point 
the whole assembly jammed and could not be raised by 
loads judged to be safe. It was feared that excessive strain- 
ing might cause the rig to break with the serious 
consequences of four canned irradiated specimens falling 
clear and reaching positions from which they could not 
readily be retrieved. Another unexpected feature of the 
operation was the considerably increased air count in 
the pile building, due it was thought to irradiated alumin- 
ium oxide or other material being scraped off the various 
components and being forced out of the liner by the pis- 
ton action of the bomb and stringer. After removal of 
as much of the active cable as possible the jammed ‘rig’ 
was left to decay radioactively in the stool with the trans- 
port coffin in position until it could be removed completely. 

Because of this trouble and subsequent examination of 
the apparatus it was decided to abandon ‘rig’ changes 
whilst the reactor was running although there is no doubt 
that the method could be perfected. This was a disappoint- 
ing decision considering the amount of engineering effort 
that had gone into its design. The original method of 
putting rigs in or taking them out with the pile shut 
down was reverted to despite its disadvantages. Apart 
from the graphite stringer the remainder of the gear 
was retained and used until work at Windscale for the 
AERE experimental programme ceased. 

As can be seen, the designs were becoming fairly sophis- 
ticated but more development was needed on the ‘rig’ 
itself. So far, a simple high-low power input temperature 
control system had been used in which manual setting of 
a variac pegged the maximum power input possible. This 
method also gave a measure of safety as it fixed the total 
possible heat input. As much of the heat required to main- 
tain temperature resulted from fission heat generated in 
the specimens, serious thermal cycles occurred at reactor 
shutdowns and large scale reactor flux variations. Experi- 
mental requirements demanded better temperature control 
with a reduction and if possible, total elimination of these 
thermal cycles. Due to the oval shape, the outer casing of 
the rigs had been operating at temperatures approaching the 
safety limit of 500°C. At the same time the response sensi- 
tivity of the furnace was rather sluggish resulting in ther- 
mal cycling. The requirements, therefore, were for a new 
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furnace design with a quicker response time and better 
insulation for the outer casing ; coupled with this, the con- 
trol system needed revision in order to eliminate thermal 
cycles and provide proportional control over the whole 
range of reactor power. The resultant improved furnace 
design (see Fig. 9) was coupled with one of two proportional 
systems provided by either a Honeywell Brown Electronik 
system, or a Kent Mk 20 instrument. The latter used a 
pneumatic system to control a variac via a slave arm. 


These new rigs and instruments control panel consider- 
ably eased the work of the reactor staff and were in 
continuous use until the Metallurgy divisions work at 
Windscale came to an end. 


SUMMARY 


During the period under discussion disappointments and 
failures were common as heaters, thermocouples and other 
components gave considerable trouble and premature with 
drawal from the reactor was sometimes necessary. In 
retrospect, steps taken to overcome these difficulties appear 
logical. A considerable quantity of scientific data was 
obtained and the problems likely to be met in the irradia 
tion of fissile material became much more clearly defined. 

Mention should -be made perhaps of the difficult con- 
ditions under which this work was carried out. Apart from 
the constant pressure to carry out more and more experi 
ments, work was always to a shut down date and, fre- 
quently, the rigs would be despatched to the reactors 
without the samples which would be taken up immedi 
ately before the rig loading. At Windscale because of 
pressure of standard reactor duties, help was limited and 
this meant that much of the work had to be carried out 
at night and between major reactor duties. In 
spite of this the excitement of this new type of work 
gripped the team and, on looking back, the most out 
standing thing was perhaps the enthusiasm with which 
everyone worked and these remarks apply also to members 
of those other Groups i.e. Pile Operation Windscale, Pile 
Instruments Windscale, Design Office Harwell, Instruments 
Harwell, Transport Section, Harwell and many others with 
out whose help the work could not have been carried out 
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The Reactor Physics complex (left centre, striped roof) 
contains Nestor and the exponential hall; just behind are 
reactor halls | and 2 housing Nero, Helen and Zenith, 
and the road leads on to the Dragon site (top left) 


Research at Winfrith 


by J, SPENCER BURKETT, Assistant Editor, NUCLEAR POWER 


INCE SITE construction started in 
September 1957, great strides have 
been made at the Atomic Energy 


p 114 September). Since the effect of 
the plutonium is dependent on the 


as structural and fuel canning mater- 
ials for the advanced gas-cooled re- 


Establishment at Winfrith Heath. 
With the exception of the Zebra and 
Dragon buildings most of the main 
construction work is completed. 

A large effort is naturally centred 
on the development of the OEEC 
Dragon Project, but there is also an 
impressive range of physics and en- 
gineering research being undertaken— 
and scheduled—on behalf of the Mag- 
nox stations, advanced gas cooled re- 
actors and high temperature reactors, 
in addition to investigations into water- 
and organic-moderated systems. 

To obtain all the data required for 
reactor design purposes there is the 
need both for the relatively inexpen- 
sive sub-critical assemblies and zero 
energy reactors. 


Sub-critical assemblies 


The first units to be set up at Win- 
frith, to investigate the reactor physics 
of the Magnox and advanced gas 
cooled reactors, were the four graphite 
assemblies transferred from Harwell, 
working on a joint effort with the 


main nuclear consortia known as 
BICEP, the British Industrial Collab- 
orative Experimental Programme. The 
two exponential stacks, constructed of 
graphite bricks, have been designed to 
produce a wide range of lattice geo- 
metries (Fig. 1). Neutron distribution 
is measured with boron fluoride coun- 
ters to arrive at critical size. More de- 
tailed information on the neutron be- 
haviour in the components of reactor 
lattices are obtained from the two 
cold fine structure stacks which have 
higher neutron density. 

With the continued operation of 
the Magnox and advanced gas cooled 
reactors, plutonium is produced in the 
fuel elements and the reactor’s charac- 
teristics change. To study these effects, 
two further assemblies have been re- 
cently commissioned, SCORPIO I and 
It (a diagram of Scorpio I is given on 
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temperature of the graphite modera- 
tor, the apparatus is designed to oper- 
ate at temperatures up to 400°C, a 
range that will be encountered in 
practice. 

The graphite stack of the fine struc- 
ture experiment, SCORPIO II, forms a 





Experimental facilities are 


already operating; others are 
nearing completion, and a staff 
of some 2000 has been assem- 
bled, many from Harwell. Inter- 
change of ideas and experimen- 
tal results is extensively prac- 
tised, not only between other 
Authority establishments, but 
also with industry and other 
countries. 











rectangular structure of 6ft X 6ft X 
4 ft 8 in., the latter dimension being the 
length in the direction of the fuel chan- 
nels (Figure 2). The stack is heated by 
radiation from electric heaters situated 
on the top and bottom faces and is 
cooled by nitrogen, in a closed circuit 
system, entering and leaving the stack 
chamber on the same faces as the 
heaters. The stack is enclosed in a 
primary containment and access to the 
central block of graphite is obtained 
through a sealed door. The stack 
chamber is installed inside a second 
containment, the personnel chamber, 
which also houses a preheat oven and 
cooling box. Flux measurements are 
made by measuring the activity of 
foils embedded in a central block of 
graphite inserted in the stack. This has 
to be cooled within one half-hour of 
completion of an experimental period, 
the cooling box operating with the 
same cooling circuit as the stack 
chamber, the full flow being diverted 
for this purpose. 

The use of graphite and beryllium 


actor has made it necessary to study 
the local temperature variations that 
occur within the core lattice and their 
effect on the power level. For this 
purpose a differentially heated gra- 
phite assembly has been provided that 
consists of a graphite stack pierced 
by seven channels, six of which are 
radially disposed around a central 
channel (Figure 4). The outer channels 
are fitted with graphite liners and large 
beryllium tubes, whilst the centre 
channel is fitted with a graphite liner 
and a 37 beryllium tube cluster. Uni- 
form heating of the graphite liners 
and beryllium tubes is achieved by 
passing through high amperage low 
voltage current, using four trans- 
formers. 

The equipment is designed to pro- 
vide for the temperature differential 
to be effective between the beryllium 
tube, the graphite liner, and the gra- 
phite stack, whilst maintaining the 


A neutron counting chamber is being 
inserted into one of the two exponential 
stacks operating under Bicep (Fig. 1) 
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graphite stack at room temperature. 
The graphite liner is designed to be 
never more than 200° above the bery!l- 
lium tube. The interposition of pure 
aluminium reflectors between all sur- 
faces meets this requirement. Vickers- 
Armstrongs (South Marston) Ltd are 
responsible for the design of this facil- 
ity and the two Scorpio assemblies. 

Another sub-critical assembly, 
HELEN, which was commissioned in 
mid-summer, has been built in a form 
that will help to extend calculation 
methods for systems moderated by 
light water or organic liquids, and 
with fuels having some enrichment 
with either uranium 235 or plutonium 
(Figure 3). This experimental assembly 
consists of thin parallel plates of 
plutonium-aluminium alloy fuel sus- 
pended in a tank containing the 
chosen liquid moderator, the fuel 
assembly having a simple geometry to 
assist in comparison of experiment 
and theory. Neutron flux is measured 
automatically using remotely con- 
trolled fission chambers, at a number 
of pre-determined positions in the 
assembly. 
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Zero energy reactors 


For further studies on neutron be- 
haviour in graphite systems, particu- 
larly with a view to improving 
theoretical methods in the design of 
advanced gas-cooled reactors, Win- 
frith is already equipped with the zero 
energy reactor NERO and by 1962 
will have HECTOR in operation. 
NERO, which commenced operation 
in February 1957 at Harwell, was dis- 


SCORPIO 2 fine structure experiment (Fig. 2) 
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27 removable shielding 28 lead shielding for sources 
30 source operating mechanism 


4 heat ex- 
8 shielding 

contactor panel 
16 working table 
20 emergency exit 21 alpha 

25 pre- 
29 source 


3 relief valves 
7 personnel door 
11 control console 12 
15 transfer trolley 
stack chamber 


mantled in October 1959 and re- 
erected at Winfrith. It is expected io 
go critical in January 1961. Graphite 
dimensions, lattice geometries, fuel 
elements and control rod locations 
within the core can be varied within 
very wide limits to.reproduce the sys- 
tem under investigation. The experi- 
ments carried out in NERO are to 
determine critical sizes, the effective- 
ness of reflectors, the kinetics of 
power changes and the performance 
of control systems (Figure 5). Of par- 
ticular interest is its application of the 
oscillator technique, pioneered by the 
UKAEA and first used on GLEEP, 
for the measurement of neutron cross- 
sections, using only small quantities of 
material. 

In this approach, cross-sections are 
not expressed in a differential form as 
a function of energy but as reaction 
rates in formalized and characteriz- 
able neutron spectra. By oscillating 
samples in and out of a critical re- 
actor on a constant time cycle, in- 
tegral measurements can be made ac- 
curately and quickly. The resulting 
oscillations are analysed with an elec- 
tronic Fourier analyser, and from the 
ratios of the first harmonic amplitude 
and the ‘steady’ power level for 
the sample and a known standard 
(e.g. a dilute solution of boron in 
D.O), integral cross-sections may be 
compared. HECTOR has been de- 
signed expressly to facilitate the use 
of this technique. 

The main core, which is an annulus 
of graphite and highly enriched uran- 
ium/aluminium alloy plate, encloses 
a vertical hexagonal prism 4ft A/F 
and 9 ft 4in. high, that may be com 
pletely withdrawn from the reactor for 
modification. Various arrangements of 
fissile materials, absorbers and mod 
erators may be used in this region 
which encircles the oscillator sample 
tube. This region may also be heated 
to 450°C by CO., a thermal insulation 
barrier isolating it from the main core 
In addition to obtaining simple spectra 
of the Maxwellian plus slowing down 
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HELEN-1 liquid moderated 
experimental assembly has a 
simple fuel geometry that 
will assist comparison of ex- 
periment and theory (Fig. 4) 


KEY: | control panels 2 dump tank 
shielding 7 ion exchange column 

12 filling pump 
locking bar 19 fuel beam 


bars 25 beryllium cylinders 26 graphite reflector 


type, ad hoc experiments may be per- 
formed. For example, a section of a 
power reactor core at advanced burn- 
up may be built using irradiated fuel 
elements. Samples of irradiated mater- 
ials may then be oscillated in spectra 
appropriate to the power reactor con- 
ditions, and this is of great assistance 
in studying long-term reactivity effects. 

The high enrichment of the main 
core gives a small total core absorp- 
tion and, consequently, a high re- 
activity change for a given cross-sec- 
tion of sample. The reactor is operated 
under a CO, atmosphere and is there- 
fore insensitive to barometric pressure 
changes. The thermal barrier is of a 
split insulation ‘ guard ring’ type in 
which heat losses from the central 
region are virtually eliminated, there- 
by giving very high temperature sta- 
bility. It is desirable that the modera- 
tor temperature should not change by 
more than three-thousandths of a 
degree centigrade per minute, con- 
sequently mechanical stability will be 
achieved by the use of novel tech- 
niques, specialized materials and the 
highest standard of control and in- 
strumentation. 

Another reactor that is to be moved 
from Harwell to Winfrith in the early 
part of 1961, is the zero energy 
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3 jib for concentrator 4 concentrator 
‘ 8 flexible source loading tubes 9 transport flask 
13 plutonium monitor 


14 filters 15 dump valve 16 scanner 


DIMPLE, the UK’s first heavy water 
pile that commenced operation in 1954. 
Suitable for basic studies of liquid 
moderators it has also been used for 
experiments with the oscillator tech- 
nique. The reactor consists essen- 
tially of a large aluminium tank filled 
with heavy water and surrounded by 
a graphite reflector and, with a power 
limited to 100 watts, only a minimum 
of shielding is required. It is a flex- 
ible tool, components do not become 
highly radioactive and it is possible 
to remove a lattice and replace another 
quickly. 


Fast reactor studies 

Apart from the use of the Doun- 
reay fast reactor experiment for in- 
vestigating the system’s potential for 
commercial application, further zero 
energy studies are necessary that will 
extend the earlier work carried out on 
ZEPHYR and ZEUS at Harwell. 
These studies will cover possible de- 
signs for a prototype power reactor. 
ZEBRA that is being constructed for 
commissioning in 1962, will enable 
investigations to be made covering 
a wide variety of fuel assemblies con- 
taining uranium and plutonium. The 
studies will fall into two stages, the 
first to gain an understanding of the 


5 connections to plutonium monitor 
10 ion exchange pump 
17 vertical scan support beam 
20 fuel plates 21 source positioning unit 22 core support frame 23 beryllia blocks 24 antimony 
27 core tank 28 corrosion specimen carrier 


6 concrete 
11 draining pump 
18 fuel security 


basic neutron physics of dilute fast 
reactor systems, and the second for in- 
vestigating problems closely associated 
with specific designs of power reactors. 

The assemblies under study will be 
built up by loading fuel elements into 
a steel matrix of about 10 ft cubed. 





Temperature and warning indicator 

board, complete with trip lights, for the 

differentially heated graphite assembly 
‘ (Fig. 4) 








The fuel elements contain both fuel 
plates and plates of neutron absorb- 
ing material of 2in. square, thereby 
simulating the nuclear properties of 
the coolant and structural material re- 
quired in such a reactor. The assembly 
will then consist of up to 300 nine feet 
long fuel cans. ZEBRA will be 
operated at room temperature and the 
heat output from the nuclear reactions 
in the core will be kept very low so 
that no cooling system is necessary. 


Neutron source reactor 

A 10 KW graphite moderated reac- 
tor, NESTOR, due for completion by 
the end of the year, is intended as a 
powerful neutron source for sub- 
critical assemblies that are built in 
five irradiation caves. Constructed by 
Hawker Siddeley Nuclear Power, it 
follows generally the basic design of 
JASON (see Nuclear Power, March 
1959, pp. 90-91) but it has been modi- 
fied to meet the requirement of con- 
tinuous running (Figure 6). 

The reactor consists of an annular 
core structure containing highly-en- 
riched uranium aluminium alloy fuel 
plates immersed in water, graphite 
fills the centre of the annulus and 
surrounds it externally. The original 
Dido type loose plate fuel assemblies 
have been changed from 30 to 16 
plate elements of half annulus width 
thus giving a double row of fuel ele- 
ment positions. To prevent corrosion 
between the graphite and core com- 
ponents, graphite blocks and wedges 
have been canned in aluminium. The 
control rod system, two safety, one 
fine and one coarse, have been slightly 
modified to reduce induced activation 
and radiation damage by encasing the 
sides and underneath with 2 in. of lead 
and }in. of boral. Some of the gear- 
box and drive unit materials have also 
been changed to materials having a 
lower cross-section. 

Each of the four caves that have 
been built into the structure can ac- 
cept an experimental assembly up to 
6ft cubed, weighing up to 15 tons. 
The caves have been built so that 
neutron leakage can be strictly con- 
trolled and that there is no interference 
between the experiments. For foil type 
experiments requiring discrete irradia- 
tion times, neutron shuttering is provi- 
ded consisting of polythene, lead and 
cadmium. The reactor top shield, incor- 
porating the rotating plug, will ini- 
tially be backed up by two layers of 
iron shot concrete beams of 3 ft thick- 
ness. The plug will later be replaced 
by an aluminium shield filled with 
bismuth to form a neutron window. 
Provision has been made for the addi- 
tion of a small top cave capable of 
taking liquid moderated experiments 
up to four feet cubed. 
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High temperature reactors 


The DRAGON project, that was 
conceived in 1956 and handed over in 
April 1959 to a joint European team 
to become the OEEC High Tempera- 
ture Reactor Project, has continued to 
make rapid progress, mainly on gra- 
phite development, temperature mea- 
surement and other important associa- 
ted problems (see Nuclear Power, Feb. 
1960, pp. 112-118). The reactor physics 
of the system is being investigated for 
the Project on the Authority’s zero en- 
ergy reactor ZENITH, which reached 
criticality in December 1959. Operating 
at a very low heat output, about 100 
watts, the assembly is heated by a 
stream of hot nitrogen to the re- 
quired operating temperature. The 
core consists of cylinders of graphite 
containing disks of enriched uranium 
oxide/aluminium oxide, graphite and 
thorium oxide. Neutron flux is mea- 
sured by miniature pulse fission cham- 
bers designed by 20th Century that are 
capable of operating at temperatures 
up to 900°C. Other interesting instru- 
ment systems have been developed 
including the neutron flux decay an- 








alysers that measure reactivity wh n 
the reactor is in a sub-critical sta e, 
after a reactivity perturbation. 

For the DRAGON Project, amo. g 
the novel techniques being develop: d 
are those associated with graphi e, 
particularly the development of su t- 
able brazing techniques for joini: g 
graphite to both itself and other ma- 
terials. The brazing techniques that 
have been developed are carried o it 
under high vacuum conditions at pres- 
sures in the order of 10-° mm Hg. Tiie 
components to be brazed are placed in 
a vacuum chamber and, when the re- 
quired degree of vacuum has been 
reached, the graphite components are 
heated to brazing temperature by R.F. 
induction heating. 

The brazing material chosen is de- 
pendent upon the final operating con- 
ditions of the components; satisfac- 
tory joints have been made using a 
titanium cored copper-silver eutectic 
alloy at a brazing temperature of 
950°C and also with either titanium 
or zirconium metal at brazing tem- 
peratures of 1800° or 1850° respec- 
tively. Where 2in. diameter graphite 


NERO zero energy reactor from Harwell will commence operation again soon (Fig. 5) 


KEY: | control room 2 sliding roof door 3 fuel rod lattice pe 4 shut off rod motor 5 pulleys 


for raising shut off rods 
9 graphite stack (adjustable lattice pitch) 





6 pulley for fine control rod 
10 graphite reflector 
plate and tiles (adjustable for lattice pitch variations) 
14 biological shield wall 
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NESTOR The 10 kW neutron 
source reactor will have four 
main caves and a small top 
cave for experimental assem- 

blies (Fig. 6) 


KEY: 
tron shutter mechanism 
12 graphite stack 
thermal column 

shield 26 dump pipe 
transfer flask 33 fuel storage holes 


| cave structure 2 cave wall 


19 Ne sparge 
27 steel floor 


tubes are to be butt brazed, using a 
Radyne Model C400 40 kW heating 
assembly, this temperature has to be 
reached in ten seconds to flow zircon- 
nium or vanadium jointing material 
between the tubes. The graphite is 
protected from oxidation by position- 
ing it inside a silicon tube through 
which flows an inert gas. 

Standard thermocouples cannot be 
used in the Dragon core since they 
will react with hot graphite and can- 
not withstand the intense level of 
irradiation. One alternative method 
that is being successfully developed is 
the use of ultrasonics, a system that 
is based upon the fact that the velo- 
city of the sound waves varies with 
the temperature of the material. When 
sound waves are sent through a re- 
fractory material they are reflected 
from any joints or ‘ shoulders’ in the 
material as well as from the end. In 
the system devised at Winfrith, a gra- 
phite rod with a shoulder cut in it at 
a suitable distance from the end is 
being used. A strong echo is received 
from both the end and the shoulder 
of the graphite specimen. 

To obtain the velocity of a sound 
wave, the frequency is adjusted so that 
the echo of the first pulse of a pair 
is recetved from the end coincident 
with the echo of the second pulse 
from the shoulder, thus resulting in a 
strong combined signal. When the tem- 
perature of the specimen between the 
shoulder and the end changes, it is 
Necessary to adjust the interval be- 
tween the two pulses to obtain the 
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3 cave roof and access system 4 core roof 
8 ventilation fan and filter 
13 neutron shutter controls 

20 ion chamber 
28 dump tank 29 heat exchanger 


9 shield doors 
14 plinth 15 reflector 


21 reactcr inner vessel 22 fuel box 


strong combined signal. This change 
in frequency is then a measure of the 
temperature change. 


Engineering technology 


In spite of the extensive activities in 
the US on boiling water and pressur- 
ized water reactors, the various phe- 
nomena associated with the formation 
of steam bubbles on heated surfaces 
and the flow of these bubbles in water 
are extremely complex and little un- 
derstood. Work is done at Winfrith 
on basic heat transfer flow charac- 
teristics and void distributions of 2- 
phase mixtures together with a close 
study of the mechanism of burnout. 
Experiments will soon be started on 
collecting information on heat flux 
limits under transient conditions and 
on improving burnout flux level by 
centrifugal spinning flow. 

Experimental data is also being ob- 
tained on the behaviour of polyphen- 
yls at temperatures above 400°C. and 
under prolonged irradiation, particu- 
larly of the degree of breakdown. 
Heat transfer rig investigations include 
the study of the organic coolant at 
various stages of polymerization, up- 
wards from 30%. Associated investiga- 
tions are being made of the effect of 
the coolant on submersible pumps and 
their insulation. 


Control and instrumentation 


New techniques and devices are 
being investigated for use in control 


5 neutron shutters 
10 recastable access plug 

16 reactor outer vessel 
23 rotating plug 
30 ion exchange column 31 Ne 


instrumentation, one very promising 


6 corner shield pillar 7 neu- 
11 door/stack moving mechanism 

17 control rods 18 central 
24 top shield 25 lead 
sparge bottles 32 fuel 


line of research being the use of semi- 
conductor materials. Reactor safety 
circuits using solid-state switching net 
works are under development that 
offer improved reliability, faster cir- 
cuit response time and continuous 
checking of circuits without interrupt- 
ing normal operation. 

The properties of ‘Zener’ semi- 
conductor diodes are being studied for 
the determination of their value for 
use in wide range neutron flux or 
health monitoring instruments. 

Other investigations include those 
on radiation detectors for use inside 
advanced reactors, the development of 
flow measuring instruments that elim- 
inate the conventional problems of 
streamlining or turbulent flow by 
using the effect of a flowing non-con- 
ductor on a magnetic field. This ap- 
plication can be used for liquids, 
particles in gases or gas in liquid flow. 

Out-of-pile rigs are in use for the 
study of the effects of pressure and 
temperature on the mechanical stabil- 
ity of fuel element cans, and gauges 
have been developed for strain and 
thickness measurement. 


Computers 


A wide range of problems are being 
calculated on the Mercury digital 
computer that has a storage capacity 
of 32,000 digits and a Pace analogue 
computer that has a particular appli- 
cation in the study of safety problems. 
Access is also available to Risley’s 
IBM704 and AWRE’s IBM7090. 






There are about 30 Argonaut-type reactors 


in existence: this 


first article describes 





the 


approach to critical and some of the subse- 


quent experiments on a British built modification 


Fason operating experience—I 


by B. W. EMMERSON, Grad.1.E.E., Reactor Supervisor, Hawker Siddeley Nuclear Power Co. Ltd 


I fea HAWKER SIDDELEY Nuclear Power Co’s research 
reactor Jason, based on the US ANL Argonaut, went 
critical last year and since the successful first run consider- 
able experience of the original Argonaut core, and of a 
modified core, has been obtained. The general design char- 
acteristics of the Argonaut type reactor have been treated 
elsewhere (/) but the Langley Jason incorporates some 
modifications and is operated at 10kW. In addition, cur- 
rent Jason designs range from 10 W to 100 kW. A detailed 
description of the Langley Jason is given in Atompraxis (2). 


Annular core 

A weakness encountered with the original Argonaut 
design using 6in. X 3 in. graphite blocks and fuel boxes 
with graphite spacing wedges was the lack of positive 
location of the fuel boxes, both radially and circumferen- 
tially, in the annulus. It was found that when a fuel box 
was removed from the core and then replaced into the 
original position, it resulted in a measurable change in 
reactivity. The use of oversize blocks or tapered wedges to 
lock the core into a tight condition made fuel handling 
and fuel relocation even more difficult. The redesigned 
aluminium fuel boxes are 3 in. square and accommodate 
16 fuel plates per box when fully loaded. Removal of the 
fuel box top allows the fuel plates to be loaded into the 
box. A nose cone is fitted to the bottom of the fuel box 
for locating into an aluminium lattice plate. The graphite 
blocks for the core area have the same overall shape and 
dimensions as the fuel boxes. The fuel boxes and graphite 
blocks are positioned around the annulus by means of the 
graphite spacing wedges, the tops of which are fixed to 
the side of the outer core tank. All the graphite core com- 
ponents are coated with an epoxy resin to eliminate any 
absorption of water. This design has been in use since 
April 1960 and given most satisfying results, with no mea- 
surable change in reactivity after disturbance of the core 
components. 


Fuel handling equipment 


A shielded flask is used for transferring fuel elements 
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from the reactor to the fuel storage pits. The flask locates 
a fuel grapple which enables fuel to be drawn into the 
flask remotely. The fuel handling equipment itself has 
been designed to handle fuel that has been irradiated at 
10kW continuously for an infinite period with a cooling 
time of 24h before handling. The thickness of the top 
shield box and density of the concrete filling have been 
increased to maintain a safe radiation dose rate while 
removing irradiated fuel boxes from the reactor and the 
central plug of the top shield box has been mounted on 
rollers to facilitate indexing over the required fuel box 
position. 

Design modifications have also been made to the con 
trol rod mechanisms and the heat exchanger water cool- 
ing circuit as well as to the source drive mechanism; the 
source is now introduced into the mid-height region of 
the core through the bulk shielding, instead of beneath 
the core tank, as in the original Argonaut design. 


Shielding 
The bulk shielding is of block construction and con 
sists in the main of two layers of Barytes concrete approxi 





Section of the fuel tally board showing fuel box indicators 
being placed into the reactor core section (Fig. 1) 
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mately 240 lb/ft® and two to three layers of normal con- 
crete approx. 156 lb/ft®. All blocks were constructed using 
precision moulds, the concrete being vibration packed 
to obtain the maximum density. The dose rate measured 
at the face of the bulk shielding at 10 kW is in the order 
of 0-1 mpl. 


Instrumentation 

fo bring it into line with UKAEA practice the 
instrumentation has been redesigned. The start-up pulse 
counting channel uses a BF, detector and covers the 
operation of the reactor from the shut-down, neutron 
source removed condition, up to the moderator normal 
condition. A transistorized multirange linear channel is 
used to obtain detailed flux coverage over the working 
range of the reactor, from subcritical to full power. A 
6 decade Log Power Channel covers the working range 
of the reactor as well as providing neutron flux doubling 
time information. In addition a single shut-down channel 
is provided which will automatically trip the reactor 
should the power exceed a preset value. Health monitoring 
is provided by means of two independent gamma moni- 
tors situated at strategic points of the reactor building. 
The conventional safety circuits are provided by means of 
shielding interlocks and instrument trips designed on a 
‘ fail safe’ principle. 


Acceptance tests 


When the mechanical construction of the reactor is 
completed, certain acceptance tests must be carried out 
as part of the initial approach to critical programme. 
These include the testing of all instrumentation channels, 
the leak testing of the moderator and heat exchanger cir- 
cuit and the functional testing of all mechanical com- 
ponents. 

The initial approach to critical in September 1959, was 
made using the original Argonaut core design, the graphite 
blocks being 6 in. X 3 in. with similar size aluminium fuel 
boxes having a capacity for 30 fuel plates. Fuel plates for 
the Langley Jason are standard Dido type, but without 
curvature across the plate, containing about 11:5 g of U-235 
with an enrichment of 80%. 


Fuel control 


To maintain rigid control over the 200 fuel plates, a 
tally board system has been introduced (Fig. 1). The 
method is also being used at RCN (see Worldview, this 
month). Each fuel plate has a tag-card showing the serial 
number of the plate and its weight in U-235. Remington 
Rand ‘graphtex’ board, used to display the cards, is 
divided into a fuel core and a fuel storage section. Strips 
of graphtex are used to denote the fuel boxes and enable 
the position of the fuel plate in a fuel box to be readily 
shown. This tally board is kept current for all fuel changes 
and fuel box re-positioning and enables staff to see at a 
glance, the fuel conditions appertaining in the reactor, 
reactor building and fuel store at any time. When a fuel 
modification is made, the tally board is immediately 
brought up to date and photographed. The photograph is 
then kept as part of the fuel records. 


Approach to critical 


In carrying out the initial approach to critical of the 
Langley Jason reactor, the following conditions were 
applied. 
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Detector positions *-9—* 
for approach to S 
critical and low E 
power operations 3 
(Fig. 2 ty 
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POSITION DETECTOR FUNCTION CALCULATED FLUX 
RATIO*, dx/¢core 
B {cop BFs sub-critical channel 0-016 
C (centre) RC6 linear channel 0-7 
D ie RC6 log channel 0-4 
E BFs sub-critical channel 0-045 
F RC2 shut down channel 0-03 
G BFs start-up channel 0-05 


*applicable only when water is up 


1. The ultimate core to be assembled was a single slab 
with fuel boxes placed symmetrically about the safety 
rod centre. From experience it was expected that a total of 
six fuel boxes would be required to achieve criticality, i.e. 
about 2000 g U-235. Six graphite blocks were, therefore, 
removed as required from the core in this area. 

2. The reactor was checked out before loading the fuel 
to ensure that all instrumentation, interlocks and shut 
down equipment was functioning correctly. 

3. Inverse count rate data was obtained from three BF, 
counters placed in convenient positions about the reactor, 
one on the reflector, one on the top of the reflector sym- 
metrical with the core and the third in the external ther- 
mal column (see Fig. 2). Subsequent experience has shown 
that position A is preferable to B for the counter on top 
of the reflector. 

4. Inverse count rate versus U-235 mass was plotted for 
each detector to enable an estimate to be made of the 
critical mass. Such plots were made for: 

(a) coarse and fine control rods ‘in’ 

(b) coarse control rod fully ‘ out’, fine control rod ‘in’ 

(c) coarse and fine control rods fully ‘ out’. 

5. The first fuel addition was two full fuel boxes total- 
ling 700g of U-235. This is well below the minimum cal- 
culated critical mass of 1350g. Two adjacent graphite 
blocks were removed from symmetrical positions about 
the safety rod centre line and the fuel boxes inserted. 

6. The second fuel addition of two half filled boxes con- 
taining 174g of U-235/box was symmetrically placed 
about the first two boxes, making a total loading of 
1048 g. The fuel in the boxes was located at the outer 
region of the annulus to ensure that maximum control 
rod worth was obtained. 


7. The third fuel addition was made by replacing the 
half loaded fuel boxes with fully loaded ones, giving a 
total U-235 mass of 1390 g. 

8. From an estimate of the change of inverse multipli- 
cation per gramme made from the previous results an 
estimate was made of the next fuel addition. The criterion 
adopted was to load one half of the quantity estimated 
for criticality unless the shape of the curve indicated that 
a smaller addition was desirable. A maximum addition of 
300 g/loading was also imposed. 
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9. The method described in (8) was repeated until an 
addition of fuel worth less than the fine rod worth (as 
estimated from the inverse count rate curves), would cause 
the reactor to go critical. This amount of fuel was then 
added and the reactor brought critical with a small excess 
reactivity. 

10. A total of 10 fuel increments were made, including 
the first three ‘lump’ loadings, to achieve criticality. The 
final critical mass was in the order of 1980 g U-235 and 
the final loaded mass was 1998:19g. This resulted in a 
nett excess reactivity of 0°23%,. The inverse count rate 
curve obtained for the ‘rods out’ condition is shown in 
Fig. 3. 

11. By referring to the inverse count rate curves for 
the control rods ‘in’ and control rods ‘ out’ conditions, 
it is possible to evaluate the fuel worth of the fine con- 
trol rod. Thus, as an extra precaution when making the 
final critical loading, this fuel worth would not be ex- 
ceeded, so that insertion of the fine control rod would 
be sufficient to shut down the reactor. 


Approach with modified core 


In April 1960, the original Jason core was modified to 
take the 3 in. X 3 in. fuel boxes with similar sized graphite 
blocks. In this instance, the fuel boxes had a capacity for 
16 fuel plates. The approach to critical was carried out 
in a similar manner to the original approach except that 
the initial fuel loading was 1481 g U-235 with a second 
fixed loading of 1661 g U-235. This reduced the number 
of loading increments to six, giving a critical mass of 
about 2060 g U-235. Under this condition the core had a 
symmetrical loading. By replacing one of the partly filled 
fuel boxes located at the edge of the core against the 
thermal column, with a graphite block, and adding fur- 
ther fuel plates into the symmetrical box position at the 
other end of the core, the critical mass was reduced to 
about 1970 g U-235. Final adjustment to the critical mass 
was made by altering the plate positions (and spacing) 
within this end box. The total fuel mass for this core with 
an excess reactivity of about 0°4%, is in the order of 1990 g. 


Reactor operating tests 

On completion of a new core, certain acceptance tests 
must be performed on the reactor to check the satisfactory 
operating characteristics. The three major characteristics 
measured are: control rod worth, void coefficient, and 
temperature coefficient. 


Control rod worth 


When a new core has been constructed or a modifica- 
tion to fuel location is made on an existing core, it is 
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necessary to calibrate the control rods. Two control rod 
characteristics are normally measured, namely ‘ integr .| 
worth ’ and ‘ differential worth’. The former is a measu:e 
of the total reactivity worth of the rod for any givea 
amount of rod insertion, whilst the latter gives a measur. - 
ment of the reactivity worth per unit of displacement, fcr 
a small displacement of the rod at any position, i.e. is 
dynamic characteristic. The integral control rod curve ‘5 
the more useful and is especially valuable for determinir g 
any change in reactivity when an experiment has been 
inserted into the core. 

The control rod worth curves are obtained by makin 
use of the curves calculated by Argonne National Labor: - 
tories relating flux ratio ¢,/, with negative reactivity 
(p) where: ¢ is in seconds, p is in dollars, ¢, is the steady 
flux with the reactor critical, measured at t= 0, and 
¢, is the value of flux measured ¢ seconds after a step 
insertion of negative reactivity. Details of the calculation 
of these curves are given in various ANL publications (3). 


~ 


us 


Integral control rod worth 


Integral control rod worth can be estimated using either 
a positive or negative step change in reactivity, but from 
a practical as well as a safety aspect, a negative step is 
to be preferred. The control rod mechanisms are designed 
such that by removing the clutch voltage on any indivi- 
dual control rod mechanism, the cadmium absorber will 
fall into the core area, both under gravity as well as 
spring assistance. The time for inserting the rod from its 
minimum to its maximum worth position is in the order 
of 300 ms. A chart recorder is attached to the linear flux 
measuring channel and, provided the measuring and re- 
cording system is truly linear the ratio ¢,/¢, may be 
obtained directly from the recorder chart. From this ratio 
the value of reactivity inserted may be obtained by refer- 
ence to the curves relating flux ratio to negative reactivity 
for various values of ft. The method of measurement is 
as follows. 

1. The control rod to be measured is withdrawn to its 
minimum worth position, i.e. ‘rod out’, and the reactor 
made critical on the remaining control rod. The linear 
ion chamber channel is designed to cover six flux decades 
by means of a decade range switch and it is necessary to 
choose a flux value which will give a recorder reading on 
the upper end of the range chosen in order to eliminate 
range changing when the flux decay is being measured. 

2. The flux at critical should be sufficient to maintain 
a steady condition with the start-up source in its minimum 
contributing position, and to ensure that any gamma flux 
contribution from previous runs is swamped. 
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3. The rod is dropped into the core by means of a 
‘rod drop’ button which removes the voltage from the 
appropriate control rod clutch. Time markers are made on 
the recorder chart of the flux decay curve at various values 
of time (t) after dropping the rod. 

4. The flux decay is recorded for at least 75s after the 
rod drop, in which time it may fall by a factor of 10 on 
its original value ¢, depending on the reactivity involved. 

5. The ratio ¢,/@, is determined from the recording at 
the various values of t chosen, as described in (3). 

6. From the curve relating ¢,/, to negative reactivity 
(p) the value of negative reactivity is determined for each 
value of f. 

7. Some allowance must be made after t = 0 for the 
effect of transients before calculating the steady flux 
decay. From experience this time may be of the order 
10 s (4). 

8. For a steady decay condition, the value of negative 
reactivity obtained from the flux ratio versus time curve, 
should be a constant for the given rod drop parameter, 
i.e. with the reactor critical and the control rod dropped 
from its ‘ out’ to its fully ‘in’ position, one value of nega- 
tive reactivity should be obtained (allowing for transient 
decay) this value being the overall worth of the control rod 
under test. 

9. The above steps 1-8 are repeated, the control rod 
under test being withdrawn to various intermediate posi- 
tions between fully ‘out’ and fully ‘in’. The reactor is 
made critical and the rod dropped into the fully ‘in’ 
position for each individual measurement. 


10. From the results of these measurements a curve may 
be drawn showing the potential reactivity worth of the 
rod for any given control rod position. Such a curve is 
shown in Fig. 4. 


Differential control rod worth 

The differential control rod worth curve is obtained by 
making successive measurements of the positive period 
obtained for a series of small control rod withdrawals. 

1. The reactor is made critical with the rod to be cali- 
brated fully inserted. 

2. The rod to be calibrated is withdrawn some 5% of 
its total travel. 

3. By recording the output of the linear channel ampli- 
fier (as detailed for the integral rod worth measurements) 
the resultant stable flux doubling time associated with the 
particular control rod withdrawal can be obtained. Care 
must be taken to ensure that the effects of the initial 
transient periods have decayed before attempting to ex- 
tract information from the recording. 

4. By dividing the recorded doubling time by Ln 2 the 
associated period can be calculated. 

5. A curve relating ‘positive reactivity to positive 
asymptotic period’ is then used to determine the increase 
in reactivity introduced by the rod withdrawal. 

6. The reactor is made critical by withdrawing the other 
control rod, ensuring that the position of the rod to be 
calibrated is not altered. 


7. The rod to be calibrated is withdrawn a further 5%, 
and the above procedure is repeated. 


8. Using this method, points may be plotted giving the 






NUCLEAR POWER December 1960 





Differential reacti- 

vity worth of the 

Jason fine control 
rod (Fig. 5) 











| 
g 0 1 20 30 4 50 60 70 8 90100 
= control rod displocement,% of total rod travel 
| 


reactivity worth per unit of control rod displacement, 
° 


reactivity worth of the control rod per unit displacement 
for the various control rod positions. This is the differen- 
tial reactivity worth curve. To obtain sufficient accuracy, 
the points of measurement should be fairly closely spaced, 
preferably not more than 24% intervals. However, with 
increments of this amount the resultant positive period is 
so small that considerable time is required to obtain an 
accurate measurement (4). Rather than use small incre- 
ments it is more convenient to overlap the various regions 
of control rod travel for successive period measurements. 
Thus, if the first period measurement is carried out for a 
rod increment from 0 to 5% of its travel then the second 
period measurement should be carried out for an incre- 
ment of 24% to 74% of the rod travel, the third period 
measurement from 5% to 10% of the rod travel and the 
fourth from 74% to 124% of the rod travel, etc. The curve 
so obtained will give a measure of the change in rod worth 
per unit of displacement. Such a curve is shown in Fig. 5. 


Measurement of excess reactivity 


When the integral control rod curves have been obtained, 
it is possible to measure the potential excess reactivity of 
the system for the particular fuel loading. The potential 
excess reactivity of the system is defined as the amount 
of reactivity being absorbed by those sections of control 
elements still inserted into the reactor when it is critical. 
If an integral rod worth curve is available for each of 
the control rods not fully withdrawn from the system, 
the potential excess reactivity can be estimated from these 
curves by noting the rod positions for criticality and read- 
ing off the amount of reactivity being held down by the 
percentage of control rod still inserted. 

Where only a small amount of potential excess reactivity 
is present, it is possible to determine the amount by means 
of a positive period measurement with all control rods 
withdrawn. The stable positive period is measured and 
the associated reactivity is obtained from the curve relat- 
ing ‘ positive reactivity ’ and ‘ positive asymptotic period’. 
This method is somewhat limited in that the safety circuits 
place a limit on the degree of positive period allowable, 
and any period shorter than this would result in a reactor 
scram. With the Langley Jason, this value is about 30s. 


References 

1. Armstrong, R. H., and Kelber, C. N., Nucleonics, 1957, 15, 
(3), 62-65. 

. Baines, B. D., Atompraxis, 1960, July. 

. Kinsel, W. R., et al., Nuclear Science and Engineering, 1959, 

(3), 233-237. 

Toppel, B. J. ibid., 1959, (5), 88-98. 


wh 


* 








106 


Cross Section » csaccuus 


IN ADDITION to finally deciding to 
give compensation for nuclear tenders, 
the CEGB has been doing some re- 
thinking on its procedures for tenders 
and contracts for conventional power 
stations. I understand that the Board 
is now considering dividing each future 
conventional project between only two 
or three main contractors. This arises 
partly from their policy of building 
larger units, up to 2000 MW, and from 
their experience with turnkey contracts 
for nuclear stations, which has proved 
much better than expected. 


THE PROPOSED English Electric-GEC 
merger, which took industry so much 
by surprise, may well prove to be the 
final straw for the United Power Com- 
pany. I predict that this proposed child 
of the marriage between GEC and 
APC will find itself stillborn. This will 
be the second time that the two groups 
have found they are incompatible be- 
cause of duplication of member com- 
panies activities. They agreed to come 
together late in 1959 but five months 
later decided against it. Early this year, 
it was announced that after further 
discussions, the two groups had agreed 
again to join forces. I expect to read 
another announcement soon about the 
merger. 


THE THOROUGH behind the scenes 


work by the Organization for Econo- 
mic Co-operation and Development’s 
preparatory committee is expected to 
be completed during the winter 

Their report will probably be signed 
in the middle of next year with ratifi- 
cation in the 12 months after that. The 
reorganization of the old OEEC looks 
like being very thorough and while 
the new body is not expected to alter 
the European Nuclear Energy Agency, 
the future of the European Produc- 
tivity Agency may well be looked at 
very closely. Whether as a result of 
this re-organization, the United States 
will become a full member of ENEA 
is still not really known. The 
McKinney report advocates closer 






Western European and North Ameri- 
can co-operation but one factor that 
may well cause the US to remain an 
associate member of ENEA is the 
problem of third party liability and 
safety, for American ideas differ from 
those held in Europe. 


ONE OF THE most interesting articles 


in the first issue of ‘ Food Irradiation ’, 
the quarterly international newsletter 
published by the European Informa- 
tion Centre for Food Irradiation (see 
Worldview, September, p. 86), is that 
by Mr. Einar Saeland, deputy director 
of the European Nuclear Energy 
Agency. He points out that work is 
being started on studies on the tech- 
nical and economic feasibility of food 
irradiation which will help set the 
groundwork for future activity. For 
certain products, of course, the radia- 
tion process has reached a stage where 
practical applications of the technique 
could be made. Mr Saeland’s article 
observes that an ENEA special study 
group, for instance, has mentioned sub- 
sterilization treatments such as sprout 
inhibition of potatoes and the elimina- 
tion of salmonella in eggs as two pos- 
sible projects. 

The Newsletter itself, published in 
English and French, forms part of the 
wider activities of the Information 
Centre for Food Irradiation which was 
initiated and sponsored by the ENEA 
and the European Productivity Agency. 
This centre has been set up at Saclay 
for an initial period of two years with 
M. Pierre Leveque as Director and it 
is hoped that its work will encourage 
investigation and research and the 
industrialization of the results obtained. 
A useful first step has been taken in 
the Newsletter which, in addition to 
articles, contains a_ selected biblio- 
graphy of food irradiation literature 
published during the last two years. 


“ROCK ’N ROLL’ is a phrase one 


hardly associates with nuclear marine 
propulsion though for any bad sailor 





the words convey a very real descri »- 
tion of a ship’s motion. And it is no 
this sense that ‘ Rock ’n Roll’ is usd 
to describe the Norwegian Institute for 
Atomenergi’s studies of an _ expe::- 
mental light water boiling water reac- 
tor which could be built in a floating 
sphere capable of imitating a ships 
motion. Construction of the experiment 
is expected next year with the total 
cost estimated at $10 million. I be- 
lieve the European Nuclear Energy 
Agency’s information mission cn 
nuclear ship propulsion recommencs 
that this ‘Rock ’n Roll’ device te 
examined closely. Incidentally, this 
mission’s report is due to be released 
shortly. It will be interesting to read 
what this four man team—of whom 
Professor J. Diamond of the University 
of Manchester was one—has to sa 
after its study tour. 


THE FINAL revised copy of Mr Robert 


McKinney’s report ‘Review of the 
International Policies and Programmes 
of the United States’ is now generally 
available and has been received with 
interest though without the controversy 
that surrounded his tour through 
Europe and also his first draft. The re- 
port was originally to have been re- 
leased in September but was delayed 
by over a month because of internal 
politics that made it necessary for part 
of the report to be rewritten. The 
original version was submitted to the 
Joint Committee on Atomic Energy on 
June 30 but apparently, I hear, aroused 
such feelings within the Committee 
itself that, after spending some time 
with the members, Mr McKinney re- 
wrote part of the result of his year 
long survey but not before the report 
had reached the press. One of his 
recommendations that I thought most 
interesting was that the next inter- 
national conference on civilian atomic 
power ‘be specifically directed to 
broadening East-West technical rela- 
tionships’ and that it should be held 
in the Soviet Union in 1962 under the 
aegis of the International Atomic 
Energy Agency. 


BROUGHT TO my attention this month 


was the attendance of Mr D. P. 
Ingamells of the Ministry of Transport 
at the recent meeting held in the US 
on organic moderated reactors between 
Dr W. E. Parkins of Atomics Inter- 
national and Dr H. S. Arms, English 
Electric, and E. E. Norton, chief of 
the Yarrow Admiralty Research De- 
partment. English Electric are associa- 
ted with Atomics International in the 
development of the OMR and submit- 
ted a joint tender to the Ministry of 
Transport at the end of July for an 
OMR for tanker propulsion. 
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This device for the Dounreay fast reactor 
overcomes the problem posed by a sealed system 


Detecting liquid metal levels 


by A. STEAD, B.Eng. and F. G. LATHAM, Grad.1.E.E., UKAEA (Development and | 
Engineering Group) Research and Development Branch, Capenhurst 


& den SODIUM-POTASSIUM coolant for 
the Dounreay fast reactor is con- 
tained in a sealed system made of 
stainless steel and instruments are 
needed in parts of this system to de- 
tect the presence of liquid metal. 
These measurements should preferably 
be made through the stainless-steel 
wall, to avoid weakening the wall or 
contaminating the instruments by 
liquid metal. Several principles could 
be applied, such as measurement of 
electrical resistance, the use of thermo- 
couples, gamma-ray absorption and 
the inductive or eddy-current method. 
This last method was chosen as it is 
simple and can give the required 
accuracy. It has been used to design 
a dipstick and an instrument for de- 
fining fixed levels in a standpipe. 


Principle 

If a conductor is brought near 
the windings of a transformer the 
inductance of the windings, and hence 
their mutual inductance, is reduced. 
Thus, if a constant alternating current 
is fed into the primary winding, the 
voltage across the secondary winding 
is reduced by nearby liquid metal. 
In practice, a balanced transformer 
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system is used and only the change in 
secondary voltage is measured. The 
balanced arrangement has the advan- 
tage of compensating for the variation 
of zero reading with temperature, 
which occurs in the simple case be- 
cause the depth of penetration and 
intensity of the induced currents de- 
pend on the resistivity of the stainless 
steel and liquid metal. Although this 
effect is negligible in the instruments 
described, it is important if a high 
resolution over the length of the trans- 
former is required. 

The depth of penetration of the 
induced currents varies inversely as 
the square root of the frequency. At 
too high a frequency the induced cur- 
rents are confined to the stainless-steel 
walls, and at low frequencies the sen- 
sitivity becomes low because a small 
secondary voltage is obtained for a 
given primary current. The working 
frequency, usually about 10kc/s, is 
chosen by experiment, but is not 
critical. 


Dipstick for liquid-metal dump tanks 


The purpose of this instrument is 
to measure the level in the dump tanks 
to an accuracy of + 1 in. This is only 
an occasional measurement and so a 
portable instrument of the dipstick 
type is adequate. This is shown in 
Fig. 1. A stainless-steel pipe of nom- 
inal bore 3 in. has been built into the 
dump tank to form a sealed pocket 
into which a detecting head can be 
inserted. The detecting head is made 
by mounting two transformers one 
above the other and this assembly is 
fitted to a graduated rod which can be 
lowered into the pocket. The primary 
coils of the transformers are fed with 
alternating current and the secondary 
coils are connected in opposition ; 
hence, in the absence of liquid metal, 
the resultant secondary voltage is 
small. When the lower transformer 
reaches the level of the liquid, its 


secondary voltage changes and no 
longer balances that of the upper 
transformer. The out-of-balance volt- 
age increases until the upper trans- 
former reaches the liquid surface and 
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Arrangement for defining two fixed 
levels (Fig. 2) 


balance is again approached when 
both transformers are below the level 
of the surface. The maximum out-of- 
balance voltage gives an indication 
that the plane separating the two 
transformers is level with the surface 
of the liquid. 

The temperature of the liquid metal 
may be high; hence the transformers 
are wound on a heat-resistant core 
and the wire used is nickel-plated 
copper insulated with silicone-impreg- 
nated glass fibre. The windings are in 
two slots, one immediately above the 
other. The feed and output leads are 
twisted pairs of Unipren cable; these 
are protected by the graduated rod, 
which is hollow and hinged to enable 
it to be used where headroom is low. 
The head unit is protected by a 
stainless-steel sheath. Because the in- 
strument has to be portable, transis- 
tors are used in the indicator unit 
which consists of a feed oscillator and 
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an output amplifier, both of conven- 
uonal design. The whole is powered 
by two 14-volt dry cells. In operation, 
the head is lowered into the pocket 
until the amplifier output meter in- 
dicates the maximum reading. The 
depth of liquid is then read off on the 
graduations against the lip of the 
pocket, with an accuracy better than 
1 in. 


Defining fixed levels in standpipes 

In a variation of the method just 
described, the transformers are used 
to define two fixed levels in a stand- 
pipe. The readings are needed when 
the liquid-metal system of the reactor 
is being filled; the height of liquid 
metal in various standpipes depends 
on the flow conditions in the main 
system. At these positions it is neces- 
sary to know when a fixed lower level 
has been reached and also, for warn- 
ing purposes, if a fixed upper level is 
reached. 

The arrangement shown in Fig. 2 is 
used. Here the balancing halves of 
the two transformers are above the 
maximum level that the liquid metal 
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Details of transformer for level detector 
(Fig. 3) 


reaches in the standpipe. 

The four transformers are identical ; 
details are given in Fig. 3. Detecting 
heads containing the four transformers 
in stainless-steel sheaths are fitted into 
the standpipes, where required, and 
a portabe, battery-operated indicator 
unit using transistors plugs into the 
detecting heads. Indication is by two 
meters, one for each level. The half- 


maximum reading is taken as defini: g 
the required level, and an accura:y 
of + tin. is readily obtained. 


Other applications 


The instruments described have bec n 
installed at Dounreay and are giving 
satisfactory service. 

The method can be used to dete:t 
or measure levels of other highly con- 
ducting liquids, for example, mercur 
The success of the method in tle 
application described, however, de- 
pends on the stainless-steel container 
being non-magnetic and having a 
relatively high resistivity. For use with 
other conducting liquids, such as con- 
centrated electrolytes, the principie 
could probably be applied in a similar 
way, but the nature of the container 
would have to be considered in rela- 
tion to the conductivity of the liquid 
being measured. 
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A new code for reactor pressure plant 


Lloyds Register of Shipping issues revised 


LLOYDS REGISTER of Shipping has 
published revised recommendations 
for the design, manufacture and test- 
ing of pressure vessels and compo- 
nents. The Land Division of the 
Society has been closely associated 
with the survey and inspection of pres- 
sure components at the Calder Hall 
and Chapelcross stations and at five 
of the civil stations. This work, 
together with the experience on proto- 
type installations such as the aGR and 
the Dragon project, has led to the re- 
visions. The last issue of recommen- 
dations was in 1957. The Society will 
review and supplement the recom- 
mendations as further experience is 
gained. 

Pressure vessel components for 
nuclear service are grouped in four 
categories, ranging from _ pressure 
vessels and components which will 
contain radioactive materials and are 
subject to neutron irradiation, to 
emergency containment vessels. The 
recommendations take into account 
the need to contain radioactive mater- 
ials, the effect of neutron irradiation 
on materials of construction and the 
problems of accessibility for inspec- 
tion and maintenance during the life 
of the plant. 

Pressure vessels in general are to 
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recommendations, the first 


be designed to the widely accepted 
Class 1 codes and special attention is 
to be given to producing clean designs 
eliminating notch effects. The design 
pressure is to exceed by at least 10% 
the maximum anticipated. The recom- 
mendations say that stress intensifica- 
tion factors at nozzles and other open- 
ings in the pressure shell are to be 
kept to a minimum and in conse- 
quence the use of doubling plates for 
reinforcement is not acceptable. 

Wherever possible, weldments are 
to be designed to allow 100% radio- 
graphy and the radiography tech- 
nique applied is to be the optimum 
currently available as far as defect 
sensitivity is concerned. The Society 
recommends hydraulic pressure test- 
ing as the preferred method though 
this, in fact, has not been carried out 
so far except for the aGr. In cases 
where total or partial pneumatic test- 
ing has been approved, or where strain 
gauges are fitted, pressurization of the 
vessel should be arranged in suitable 
stages, progressively diminishing. Strain 
gauge readings are to be taken at each 
stage. Leak testing is to be carried out 
after pressure testing. 

Tentative requirements are outlined 
for the design of containment vessels. 
The design is to be related primarily 
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since 1957 
to a calculated pressure based on a 
major accident condition which, in 
general, should include the effects of 
failure of a main primary coolant 
duct, or a secondary coolant circuit, 
resulting in the discharge of either 
primary or secondary coolant to 
containment. The design must also 
consider a possible breach of contain- 
ment by missile impact through fail- 
ure of an internal component or a 
burn-through following a core melt- 
out. Generally, the containment ves- 
sels are to be designed and construc- 
ted according to Class | codes. 

In each of the categories, recom 
mendations cover materials, construc 
tion, fabrication, workmanship and 
testing. Those for fabrication include 
non-destructive examination, the weld 
procedure tests, welding operator tests, 
and production tests. 

Appendices deal with requirements 
for over-pressure relief systems, ultra 
sonic examination of materials, plate 
pressing procedure and _ production 
tests, and weld procedure and opera 
tor tests. 


Copies of the publication, Survey of Pres- 
sure Components for Land Based Nuclear 
Installations—Provisional Requirements 1960, 
are available from Lloyds Register of Ship- 
ping, Land Division, Norfolk House, Croy 
don, price three guineas, 
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INSPECTION AND TESTING 


Because of radioactivity hazards the de- 
sign, construction and testing of pressure 
components must be of the highest stan- 
dard. The experience in this field gained 
by Lloyd’s Register of Shipping was 
given in the first nominated lecture of 
the Institution of Mechanical Engineers. 
The paper deals with the problems asso- 
ciated with large size and site fabrication 
of the reactor pressure parts. Experience 
at Calder has shown that components on 
the heat exchanger side of the stop valve 
can be efficiently examined. The need to 
periodically inspect other circuit compo- 
nents is also emphasized. Reference was 
also made in the paper to need to im- 
prove leak tightness and the desirability 
of maintaining simplicity and and the 
inclusion of essentials only in new speci- 
fications and codes of practice. 

The discussion highlighted some of the 
practical difficulties connected with the 
large size of the components, Increasing 
plate thickness of pressure vessels meant 
that radiography became more difficult. 
Linear accelerators were now being in- 
troduced and Mr P. T. Fletcher said that 
APC were experimenting with a 4-4 MeV 
one. Hydrostatic testing poses practical 
problems due to the great weight of 
water and economic ones; this type of 
testing could cost as much as 10% of the 
pressure vessel costs and all civil stations 
so far have been pneumatically tested. 
The temperature at which the tests 
should be carried out also was a point 
of controversy. Strength of weld metal 
in primary circuits was another problem, 
the difficulty of guaranteeing V-notch 
strength above 15 1b/in? at — 10°C was 
a figure quoted. In this connexion the 
plea was made by Mr K. J. Wooton for 
the standard to be based on a statistical 
average for a series of tests rather than 
rejection because of one low value. 
Inspection of F a gs circuits and reactor 
pressure. vessels of nuclear power _ plant. 


N. Pemberton and E. Crossley. Institu- 
tion of Mechanical Engineers preprint 7/60. 


LEAK TESTS AT CALDER 


The first reactors at Calder Hall showed 
a significant leakage of carbon dioxide 
and detailed testing was carried out on 
subsequent Calder Hall and Chapelcross 
reactors to trace and minimize this leak- 
age. 

Four techniques were used for detec- 
tion. Soap tests, with the circuit under 
test pressurized, were able to detect leaks 
of less than 0-01 Ib/day at a pressure of 
100 1b/in?. This was usually the first 
check made after plant assembly. With 
the plant pressurized, indication of leak- 
age rate was given by measuring fall of 
pressure with time. This method does 
not give precise location of leaks and 
its sensitivity varies inversely with the 
volume of the plant. In conjunction with 
the soap test, however, it proved effec- 
tive. An infra-red gas analyser was used 
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with circuits pressurized with carbon 
dioxide instead of air. The sensitivity 
was about the same as that of the soap 
test but the method has its limitations 
where a number of identical joints need 
to be checked. Other methods were de- 
vised to measure total gas loss and regu- 
lar leakage from particular points and 
the measurement of specific leaks aided 
the reduction <f leakage for a given 
effort. 

The conclusion reached in this paper 
is that the original high leakage at Calder 
was possibly due to slightly porous cast- 
ings, undetected seal or butt welds, gas 
sampling pipe brazed coupling leaks, 
joint leaks, and fabricated plate defects. 
(See Tables 1 and 2.) Several sources of 
leakage have been found and the lowest 
leakage rate achieved during the final 
test is about 600 1b of air per 24 hours: 
2001b of this leakage has not been 
accounted for, These values are about 
TABLE 1 Total 


LIQUID SCINTILLATORS 


The authors of this report recommend 
that liquid scintillation coincidence 
counters should be used for the assay 
of beta activity in effluent from plants 
which handle radioactive materials in 
quantity and where this effluent is dis- 
charged into fresh water. The counter 
they describe uses 2,5-diphenylaxazole 
and naphthalene in dioxane and has been 
calibrated against 47-counted solutions 
of radioisotopes of different maximum 
beta energies. 

Liquid scintillation counting of aqueous 
nivy B. A. Loveridge and A. M. Thomas. 


AERE Harwell. Report AERE R2942, 25 pp. 
Available from HMSO 4s 6d. 


RIVAL TO DIFFUSION THEORY 

The work reported here is an attempt to 
obtain a relatively simple method of cal- 
culation which can replace diffusion 
theory in reactor survey calculations. The 
method considered is the solution of the 
one velocity Boltzmann equation for an 
isolated source in an infinite medium. 

Approximate solution of the one velocity 
neutron transport equation in an_ infinite 
medium, G. Rowlands. AERE Harwell. 


Report AERE R3369. 28 pp. Available from 
HMSO 4s 6d. 


leakage 


eo ; LEAKAGE, Ib /day eS 
C alder C — Calder Chapel- Chapel- 
2 2 - 





Total air leakage indicated by loss of pressure 


Loss by oil sampling 

Measured leakage 

Leakage indicated by pressure loss tests on 
individual items 

Air loss not located 

Equivalent to hole diameter (coefficient of 
_ discharge 0-7), in. 


TABLE 2 


cross cross 
1 2 
2130 885 1000 600 
23 17 17 17 
1240 115 316 270 335 
No tests 175 $2 33 36 
867 578 355 680 212 


0-069 0-056 0-044 0-060 0-034 


Analysis of leaks 


; __ LEAKAGE, :, Ib/day 
Calder Calder Calder Chapel- Chapel- 





2 3 a cross cross 
1 2 
Relief valve seats 573 40 132 1 16 
Other valve seats 468 14 12 43 20 
Valve glands 129 48 119 156 231 
Flanges, welds and similar joints 54 13 53 1 47 
Others 16 _ 49 1 
Total 1240 115 316 270 335 


half of those for Calder No. 2. The two 
potential sources of these unaccounted 
leaks are thought to be the gas circula- 
tors and the b.c.d. system. These were 
tested individually but were not com- 
pletely covered in the full circuit test. 
Leak tests on Calder-type reactors. J. K. 
Smith and J. Cheetham. Institution of 
Mechanical Engineers preprint 4/60. 
PULSE GENERATOR 
This report describes a pulse generator 
using mercury-contact relays which pro- 
vides an accurately known and stable 
output for use with pulse height ana- 
lysers. Pulse generators of this type have 
been developed in North America and 
this new design incorporates improve- 
ments. The design philosophy and circuit 
theory is outlined, and an indication of 
further developments given. 
A precision relay pulse seqeeator for use 
with pulse litude analysers, M. O. 
AE ERE 


Deighton. Harwell. Report AERE 
EL/R2717. 21 pp. Available from HMSO 4s. 


New Reports 





The oxidation and corrosion of zirconium 
and its alloys. (XI. The oxidation kinetics of 
zirconium-niobium binary alloys in steam at 
300-500°C). B. Cox, M. J. Davies and T. 
Johnston. AERE Harwell. Report AERE 
R3257. 28 pp. Available from HMSO 4s 6d. 


Measurement of the viscosity of Santonex 

, Ppara-, meta-, and ortho-terphenyl, 
diphenyl and Dowtherm ‘A’. R. W. Bow- 
ring, G. L. Christie and D. A. Garton. 
AERE Harwell. Report AERE R3309. Avail- 
able from HMSO 8s. 


Strontium-90 in human diet in the United 
Kingdom 1959. Agricultural Research ——— 
cil Radiobiological Laboratory. Repo 


— 3. S58 pp. Available from HMSO 
S 6¢ 


The use of submillimetre waves for studying 
high density plasmas. S. M. Hamberger. 
AERE Harwell. Report AERE R3260. 36 pp. 
Available from HMSO 6s. 


yo ge ny emulsion dosimetry and_ the 
RE film dosimeter. M. J. Heard, J. 

Parent and P. D. Holt. AERE Harwell Report 

AERE R3300. 46 pp. Available from HMSO 
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If high flux reactors are operated on a 
part-load basis considerable 
will have to be invested in xenon override 


reactivity 





Xenon poisoning during 
two shift operation 


by D. L. BOOTH, M.A., D.Phil., Atomic Power Division, English Electric Co. Ltd 


7 CONCENTRATIONS during cyclic operation have 
been calculated by an electronic analogue computer, 
so as to obtain data required for the study of reactor per- 
formance under part-load conditions. Results obtained 
were for a wide range of load cycles and are applicable to 
reactors with peak fluxes up to approximately six times 
those in current designs of gas-cooled, uranium fuelled re- 
actors. As the computations were in terms of generalized 
variables, the results are applicable to any reactor system 
with fluxes in the appropriate range. 


Method of simulation 


The equations for the concentrations of I-135 and Xe- 
135 at a point in the fuel of a reactor are 

d/ 

—— © Sh —A;/ (1) 

dt 

dx ; 

ry = Al + yxdish—AxX — xX 


if the tellurium stage and capture in I-135 are neglected. 


NOTATION 


1,X concentrations of I-135 and 
Xe-135 per unit volume 
of fuel 

Yv¥x_ yields of I-135 and Xe-135 
as direct fission products 


Ay 2-073 10-5/s, decay con- 
stant of I-135 

Ax 2°874 10-5/s, decay con- 
stant of Xe-135 

zr macroscopic total fission 
cross-section 

ox microscopic total absorp- 
tion cross-section of Xe- 
135 

a total neutron flux in the 
fuel 

t reactor time 


Analogue circuit for computing xenon concentration (Fig. |) 
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Two-shift operation provides an example of the need 

for xenon override. The demand for electricity is 

greatest during normal daylight working hours, and 

on weekdays. As more nuclear plant is commissioned 
| some nuclear power stations may have to operate 
| ona part-load basis. It follows that there will be an 
increase in peak xenon concentration in these reac- 
tors. The effects of this increase will be greatest in 
reactors with high neutron fluxes. 





Equations (1) may be simplified by writing them in 
terms of 











oxX xenon concentration relative to the 
X* =— —— = steady state concentration in an in- 
Git rE finite flux 
oxl iodine concentration relative to the 
I* cy Sa steady state xenon concentration in 
(1+YX%1 an infinite flux 
__ rate of neutron capture per Xe-135 
nae exp ~ nucleus 


The new variables /* and X* are dimensionless numbers. 

As ox ~ 3 X 10°** cm? and ¢ ~ 107° n/cm? s in typical sys- 

tems, R* = ox@ is conveniently measured in units of 

10-5/s. The numerical values are independent of the con- 

vention used for averaging the flux and cross-sections. 
The resulting equations 





d/* 7 
ai mien ae \J* 
dt Yi7 Y¥x 
dx* Yx 
— =) J*+ —~— R*—)d,X*—X*R* (2) 
dt YiT Yx 


are applicable to any reactor system, the only required 
data being the decay constants, the flux in units of R*, and 
the proportion of Xe-135 produced direct from fission. 
Study of results for step changes and step cycles shows 
that this last parameter has little effect upon the results ; 
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Xenon concentration after a step decrease in flux (Fig. 2) 


values yx /(y;+yx) = 1/13 or O giving transient xenon con- 
centrations which differed by less than 2% from those with 
the usually accepted value yx /(y;+yx) = 1/26, which was 
used in the majority of the present work. 

Equations (2) were solved by an electronic analogue 
computer, using basically the circuit shown in Fig. 1. The 
problem was scaled so that each minute on the machine 
represented a day on the reactor. In order to save 
machine time, two similar circuits with different scaling 
factors were used in parallel. The first circuit was scaled 
to maximum values R* = 20 10 5/s, 7* = 10, X* = 2, 
and the second to values R* = 5 X 10°5/s, I* = 2°5, 
x* 1. The accuracy of the results is estimated as + 0°02 
on X* for the higher scale, and + 0-01 for the lower fluxes, 
though some of the sharper transients were distorted by 
lags in the recorders which introduced an extra 1—2%, error. 


Effects of step changes in flux 

The changes in xenon concentration due to cyclic varia- 
tions in flux can be understood by considering the effects 
of single step changes in flux. As the direct yield of xenon 
is small, a decrease in flux has little immediate effect upon 
the rate of production of xenon from iodine, but has a 
much more important effect upon the rate of destruction 


Xenon concentration after a step increase in flux (Fig. 3) 
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ab e 


Xenon concentrations during step cycles, T= 16h, dotted 
lines are the steady states with the same average power 
levels ( Fig. 4) 


of xenon. In typical gas cooled power reactors, R* ~ 3 X 
10-°/s, so that neutron capture is as important as radio- 
active decay, and a decrease in the flux leads to a large 
transient increase in the xenon population. Meanwhile the 
iodine population decays to the steady state corresponding 
to the new flux level, so the xenon population reaches a 
maximum value and then falls gradually to its new equi- 
librium level. This is illustrated in Fig. 2, which shows the 
effect of a step decrease from R* = 20 X 10°5/s to R* = 


Xenon concentrations during step cycles, T = 16h, dotted 
lines are the steady states with the same average power 
levels (Fig. 5) 








8 < 10°5/s. The effect of the corresponding step increase 
in flux, shown in Fig. 3, may be explained by similar 
arguments. 

In the cases considered, the peak xenon concentration 
was reached 3-7 hours after a step decrease in flux. For a 
constant initial flux, a decrease in the final flux increased 
the time taken to reach the peak value, and increased the 
amplitude of the transient. For example, the maximum 
xenon concentration after a reduction of from R* 
20 X 10-5/s to R* 5 X 10-°/s was twice the initial con- 
centration, and was reached after six hours. But when R* 
was only reduced to 16 X 10-5/s, the maximum concentra- 
tion was only a seventh larger than the initial value, and 
was reached in three hours. The xenon concentration took 
2-5 times longer to decay past its initial value than it took 
to reach the peak concentration. 


Effects of step cycles 
A comparison of results for step changes and ramp 
changes showed that the rate of change of flux had only 


> 


Xenon concentrations for step cycles between R*max and 
R* max, T = 12h (Fig. 6) 


a small effect upon the magnitude of the xenon transient. 
It is therefore a convenient approximation to consider 
daily load cycles in which the analogue flux is R*,,.. for 
T hours, and R*,,,,, for the remaining( 24-7) hours. Results 
for ramp cycles are given in the next section. 

Typical results for cycles in which the two flux levels 
differed by a factor of five, and R*,,,,, was 20 X 10-°/s or 
5 X 10°°/s, are shown in Figs. 4 and 5, for which T is, 
respectively, 8 and 16h. The dotted lines are the equi- 
librium concentrations at the steady flux level which pro- 
duces the same total power per day. This shows the pen- 
alty which must be paid in order to generate power when 
required, instead of at a constant rate. This point is em- 
phasized in Fig. 6, where X*. is the equilibrium concentra- 
tion at the steady state producing the same amount of 
power per day. 

The effect of the ratio of the maximum and minimum 
fluxes during the cycle is shown in Fig. 7. For small 
changes, the amplitude of the variation of the xenon con- 
centration during the cycle is proportional to (R*,,,, 
R* in). The other important variable is T, the effect of 
which is shown in Fig. 8. The maximum xenon concentra- 
tion for cycles between two fixed levels occurs at T 
16-20 h, but the maximum difference in levels occurs at 
T 14-16 h. These times are virtually independent of the 
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peak flux level and the amplitude of the variation of tle 
flux. The maximum xenon concentration determines tle 
amount of reactivity which must be available in order .9 
sustain any given cycle. The difference in levels large y 


: © Re 
& Rano z 
. 
e 
* 
. » 
a 
‘ Extreme xenon cor- 
centration for cycles 
° . ™ . with T = 124 
+—— * 2 (Fig. 7) 
*~ 
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determines whether the cycle can be sustained without 
having to move the coarse control rods, or their equivalent. 
Figures 6-8 present a sample of the results which were 
obtained for values of T between 4 and 23h, for R*%,,.. 
between 1 X 10° and 20 X 10-°/s, and for (R*,,,x 
R* ,in) between 0°6 X 10-5 and 20 10-5/s. The observed 


24, 
f\ * 
/ 
4 « 


Met . % 
| 
f , Extreme X*, the 
| xenon concentra- 
tion relative to the 
4 , + 4 steady state concen- 
/ tration in an infin- 
, Y ite flux, during 
a { i cycles with R*¥ max= 
| / 12 X 10-5/s (Fig. 8) 
|/ + Rain = 48 10s 
F 4 Rain = 2 Os/s 
¢ / e AS, 
/| 
A / 
vv ; 
extreme X* ‘ 
amplitudes (X*,,.. — X*min) varied between 0°02 and 1:20. 


Figures 9 and 10 show that these results can be represented 
surprisingly well by the empirical relations 


CR nan — xX nin) = 


_ 7 
= 0-032 X 10° e127 Sy RF max R* min) (3) 
24 
and 
aa ie 
24—-T 
= (0:020+0-0025T)10° ——— (R*nax—R*min) (4) 
24 
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This graph shows that the amplitude of xenon variations can 
be represented fairly accurately by the relation given in 
equation 3 (Fig. 9) 


where R* is measured in 10-5/s. Equations (3) and (4) 
represent the results for a wide range of cycles and T less 
than 20h to better than + 30% and + 40% respectively. 
The scatter of the results is partly due to the inadequacy 
of the empirical formula, and partly due to the experimen- 
tal errors, which were especially important for the small 
difference (X*, — X*,,;,). It is surprising that the compli- 
cated exact analytic formulae for the differences (X*,,,,, 
X* nin) and (X*, — X*,,;,) can be represented at all ac- 
curately by the simple empirical forms (3) and (4), especi- 
ally in view of the non-linear nature of the equations. A 
better correlation would be obtained by using smaller 
ranges of the parameters. 

Equations (3) and (4) are linear in (R*,,,. — R*min)- 
Hence the extreme xenon concentrations in a reactor can 
be calculated from the statistically averaged peak flux, if 
the flux distribution is assumed not to alter during the 
cycle. This greatly simplifies the practical problem of find- 
ing the reactivity which must be released to keep a reactor 
critical during xenon transients. Equations (3) and (4) are 
relatively inaccurate, but the resultant percentage error in 
xenon poisoning is much less than that in (X*,,... — X* min) 
or (X*, — X*,,;,,). For most purposes, and particularly for 
surveys, the approximation will be sufficiently accurate ; 
more exact results can be obtained by making plots similar 
to Fig. 6 and using suitable averaging techniques. 


Other types of cycle 

In the cycles so far considered, the flux changed in- 
stantaneously. Cycles in which the flux was altered at a 
finite rate were also studied. When the flux rose rapidly 
and fell slowly, both maximum and minimum levels were 
slightly lower than when it rose slowly and fell rapidly. If 
the flux was decreased over a period of 8h, the override 
(X* nax — X*,) required in a typical case was 0°30, instead 
of the value 0°35 required for a step cycle producing the 
same power. The amplitude of the xenon variations was 
(X* max — X*min) = 0°76 for the step cycle. 

This agrees with results for single ramp changes, which 
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Tests of equation (4), which gives an empirical relation for 
xenon override (Fig. 10) 


showed that useful reductions in override could only be 
obtained if the reduction of power took several hours and 
if the power was decreased at least by a factor of two. 
The results for cycles in which reactor power was in- 
creased in two hours and decreased over four hours re- 
actor time were practically the same as those for step cycles 
with the same extreme and average flux levels. 

When studying the operation of reactors on a part load 
basis, it is necessary to consider the reduced demand at 
weekends. Results for step and ramp cycles show that 
reducing output by altering the maximum load or the 
portion of the day spent at full load did not increase the 
need for xenon override, which is principally determined 
by the peak flux level. The system takes 2-3 days of 
reactor time to reach effectively equilibrium conditions 
after a change of cycle. A return to mid-week conditions 
after a weekend causes a temporary decrease in the mini- 
mum xenon level, which might make it necessary to move 
the coarse control rods in order to maintain criticality. 


Conclusions 

The concentration of Xe-135 at a point in a reactor can 
readily be calculated by an electronic analogue computer 
for any arbitrary variations in the flux level. If the equa- 
tions are suitably transformed, the results are independent 
of nuclear data other than the half-lives of I-135 and 
Xe-135, and can readily be applied to any type of reactor. 

The maximum and minimum xenon concentrations 
during step cycles in flux can be well represented by the 
two empirical equations (3) and (4). These are linear in the 
peak flux, so that the average xenon poisoning in a reactor 
can be readily calculated with reasonable accuracy from 
the average flux levels. Results for cycles involving ramp 
changes are very similar to those for the corresponding 
step cycles. This means that the xenon override does not 
depend upon the details of the load cycle. 
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————— STUDENTS” NOTEBOOK——— 








GROUNDWORK—Information 


What guides are there to the litera- 
ture on health physics and occu- 
pational safety ? 

Guides to information in the rapidly 
growing field of nuclear energy and 
associated topics have already been dis- 
cussed on this page. A field that has not 
been adequately covered, however, from 
an, international angle (with the possible 
exception of ‘ Nuclear Science Abstracts ’) 
is that of health and safety, and it is one 
that concerns many of our research and 
training laboratories. It is a field, too, in 
which organizations all over the world 
are becoming very active, particularly on 
the aspect of legislation. 

At the beginning of 1960 the Inter- 
national Labour Office, in collaboration 
with other organizations. through the 
International Occupational Safety and 
Health Information Centre, CIS. com- 
menced an information service covering 
published literature, legislation and films 
on occupational safety and health. 

National centres in London, Paris, 
Coblenz, Rome, Vienna, Brussels. Copen- 
hagen, The Hague, Oslo, Stockholm and 
Lucerne regularly submit to CIS objec- 
tive abstracts of every publication 
appearing in each of the countries repre- 
sented, worthy of international recogni- 
tion, Whilst the cooperation of agencies 
in other countries is being actively 
sought, CIS is itself analysing material 
from countries not yet covered in this 
way. 

The scheme has a very wide subject 
coverage and includes every facet of 
health and safety, many of which may 


——— 
\ OCGA cis Boz Hbut | 
| o.s960 | 744-1960 — 


never be the concern of. the subscriber 
to the service. In Britain some 150 
organizations are participating. 

Headings likely to directly interest our 
readers include: natural phenomena — 
covering ionizing radiations and ultra- 
sonics; inorganic and organic chemicals 
—e.g. beryllium, graphite, fluorine, 
helium, molybdenum, sodium, uranium 
and zirconium; natural products and in- 
dustrial substances—e.g, dust and gases; 
premises, equipment and operations — 
covering laboratories, nuclear and radi- 
ation equipment, pressure vessels and 
welding; methods of investigation—e.g. 
radiation monitoring, tracer techniques, 
radiographic and_ ultrasonic testing; 
safety and health engineering—including 
radiation protection, dust suppression 
and waste disposal, 

The new information service is in the 
form of 5 x 3 in. cards divided into four 
classes, each of a distinctive colour. 
White cards are used for such publica- 
tions as reports, books, periodical articles 
and the like; green for texts having the 
force of law—acts, decrees, orders and 
regulations; pink for publications not hav- 
ing the force of law but having the 
sanction of a recognised authority, e.g. 
standards, codes of practice, and minis- 
terial circulars; yellow cards are used for 
films. 

Only one card is published for each 
item of information but the necessary 
cross-references are compiled and des- 
patched periodically to subscribers in 
the form of a cumulative alphabetical 
subject index, each new edition cancel- 
ling the preceding one. In this way, sub- 
scribers always have at their disposal 
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a complete record of the subjects dealt 
with and of their different aspects. 

In some ways it is unfortunate th:t 
only complete sets of cards can be pu-- 
chased, the reason given is the interd:- 
pendence of subjects and the cost cf 
sorting to meet individual requirement;. 
The annual subscription of £14 5s 
made to the Industrial Safety Division 
of the Royal Society for the Prevention 
of Accidents who also undertake to prc- 
vide (at cost) photocopies of the origin: | 
papers abstracted, but not translations. 


NEWSBRIEFS 


e@ Imperial College’s new physics builc- 
ing, opened recently by Sir John Cock- 
croft, will provide for more than 300 
undergraduates. It forms part of the 
comprehensive plan to double the size 
of the College by 1962. In his opening 
speech, Sir John made a plea for a 
British sponsored Atlantic Institute of 
Science and Technology, with powerful 
help from western Europe, as part of 
the country’s university expansion pro- 
gramme. 


e@ In a recent booklet ‘Cooperation be 
tween Industry and Education’ published 
by the Industrial Training Council, as an 
example of the cooperation already tak- 
ing place, the UKAEA is mentioned, At 
one technical college in Scotland, 33 of 
a total staff of 36 are provided by the 
Authority. 


@ The University of Illinois has the first 
above-ground model of the Triga reac- 
tor. Apart from supported nuclear tech 
nology courses, it will produce isotopes 
for research work in other departments 
of the university. 


e Women are to take engineering and 
science degree courses at the Rensselaer 
Polytechnic Institute in New York State 


e Griffin and George are producing a 
new series of teaching units for the 
demonstration of fundamental electro- 
dynamical principles and the working 
principles of electromagnetic instruments 


e To commemorate its 25th anniversary, 
Ultra Electric held a special session of 
lectures on ‘Electronics at work’ at the 
Royal Festival Hall. Some 2000 boys and 
girls from London schools attended. 


UK COURSES 


Manchester College of Science and Tech- 
nology. Disposal of waste from the uses 
of radioisotopes—12 and 13 January, 
1961. Fee £7. 


FILMS 


@ Making electricity. Part 1: principles 
and practice, 2 reels, 14 minutes, Part 2: 
sources and application of power, | reel, 
11 minutes. The national grid. 2 reels, 
18 minutes. All films are free for hire 
from the British Electrical Development 
Association, 


@ Nucleonics in quality control. 2 reels, 
15 minutes. Free hire from E. K. Cole. 
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PROGRESS IN INDUSTRY | 


Component fabrication for Hunterston 


IN ALL STAGES of the manufacture 
of component parts for Hunterston, 
rigid clean conditions have to be 
observed to prevent the entry of those 
materials that are likely to affect criti- 
cality. It is particularly important that 
items close to the fuel elements, such 
as fixed channel tubes, stainless steel 
tubes in control-rod standpipes, chan- 
nel cooling circuits, the charge 
machine, etc., are kept free of metallic 
dust at all stages of manufacture. De- 
posits of boron, cadmium and cobalt, 
and to a lesser extent, chromium, man- 
ganese, platinum, rhodium, tungsten 
and vanadium, are included in this 
prohibition. 

These deposits and dust from 
aluminium, copper, molybdenum, 
nickel and selenium become highly 
radioactive and must therefore also be 
eliminated from such equipment as 
steam raising plants. They could cause 
false indications if allowed to settle 
near the burst cartridge detection 
equipment. 

Both at GEC’s Erith works, where 
the gas circuit plant is being made, and 
at the Glasgow works of Stewarts and 
Lloyds, where the 424 control rod 
standpipes are under construction, 
strict control of clean conditioning 
processes is enforced. Preliminary pre- 
cautions taken in both factories were 
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clean conditions enforced 


similar and consisted of sealing the 
floor with Sealocrite special sealer 
TP73C and, either painting the walls 
with a special gloss paint, or lining 
them and the ceiling with Laconite, a 
melamine surfaced hardboard. The 
clean areas are pressurized to prevent 
foreign matter from entering when- 
ever a door opens. 

At Erith the ventilation and pressur- 
izing plant consists of a 35,000 ft® 
min air filter system and an air heater, 





In addition to carrying the boron con- 

trol rods, the standpipe contains the 

burst cartridge detection tubes. Here 

in Stewarts and Lloyds Glasgow works 
the loading rig is being fitted 


fed by a 2°5 million Btu/h calorifier. 
A Sturtevant vacuum cleaning plant 
has been installed with the capacity 


GEC’s nuclear clean 
workshop, part of 
the existing process 
and preservation 
shop, consists of an 
assembly area and 
a reception bay 
which, with its slid- 
ing roof and 1lé6ft 
wide Potter Rax 
door, can be isola- 
ted for the final 
cleaning and inspec- 
tion operations 










Each of the 32ft long standpipes con- 

sists of 63 tubes assembled to a very 

high degree of straightness, the various 

cavities being filled with, concrete to act 
as biological shielding 


for four operators working simultane- 
ously at-any of the seven points pro- 
vided. 

The cleaning and preserving pro- 
cesses consist of removing the scale, 
rust, dust and grease, coating compo- 
nents with a synthetic lacquer Trilac, 
or clean condition primers PA20 and 
PA21 produced by Federated Paints, 
followed by encasing in polythene con- 
tainers. These contain a bagged dessi- 
cant of activated alumina pellets. Non- 
machined parts are shot blasted or 
pickled in an inhibited 10% solution of 
hydrochloric acid followed by immer- 
sion in phosphoric acid. Machined or 
bright components are immersed in a 
trichlorethylene vapour bath followed 
by a wash in a similar fluid and a 
1-2 minute din in phosphoric acid. 
When the plant is finally sealed in its 
bag, it is taken out of the building 
and stored under cover until needed 
on site. * 280 


Plutonium laboratory 


offers flexible facilities 


The newest addition to the Battelle 
Nuclear Research Centre, which cur- 
rently includes hot cells, a critical 
assembly laboratory and a 2MW 
pool-type reactor, is a plutonium 
laboratory. Whilst the ANL plutonium 
fuel fabrication laboratory (see Octo- 
ber 1959, page 100) is used exclusively 
for the fabrication of core loadings of 
fuel elements utilizing already devel- 
oped fabrication procedures, the 
Battelle facility was designed as a very 
flexible research and development 
laboratory with only limited produc- 
tion capability. 

All phases of plutonium work are 
integrated into one large room, each 
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phase having its own glove box com- 
plex. (See November issue, page 112.) 
When one phase, such as arc welding, 
is completed, the specimens are bagged 
in p.v.c. and carried to the next step. 
All plutonium is handled in either an 
argon or nitrogen atmosphere with the 
exception of the chemical analysis 
box where laboratory air is used. 

Powder metallurgy studies are con- 
ducted in a stainless steel tank 16 ft 
long and 38 in. in diameter. This tank 
can be evacuated so that atmospheres 
may be changed simply by evacuating 
the tank and introducing the desired 
gas. Another stainless steel box is 
used for the dissolution and fuming 
of samples; all other boxes are made 
from mild steel and painted with acid- 
resistant paint. Wet chemical analyses 
are carried out in boxes with a con- 
trolled air velocity across the face 
openings. 


A typical research study consists of 
two phases: alloy development and 
complete study of the alloy, and the 
use of this alloy to fabricate a proto- 
type fuel element for use in irradia- 
tion studies. The first phase involves 
arc melting into either a button or 
finger bar, after which it is moved to 
a box containing a lathe where 
samples are cut and shaped for tensile 
testing, heat treatment, metallography, 
and fabrication. Chips are collected 
and moved to wet chemistry for ana- 
lysis. The fabrication specimen is then 
assembled and welded in the welding 
chamber, moved to the fabrication 
box where it is evacuated and rolled 
on a 3 by 5 two-high mill. Specimens 
sent to metallography may have hard- 
ness tests or they may be polished 
and etched for study under a totally 
enclosed microscope where photo- 
micrographs may be taken. * 281 


Bellows for nuclear power 


For the production of a wide range 
of bellows joints, Munro and Miller 
are currently engaged in extensive re- 
search into processes and materials to 
suit many engineering applications. A 
programme of experimental and 
theoretical stressing has been carried 
out in conjunction with the Heriot- 
Watt College. These bellows are par- 
ticularly useful for the large main 
ducts that take CO, to the steam rais- 
ing units of nuclear power stations. 
They accommodate linear thermal ex- 
pansion and contraction, absorb vibra- 
tion, and allow greater movement 
than loops. 

Each application influences con- 
siderably the bellows design. Whilst 
the more standard types are fabricated 
in various types of stainless steel and 
are welded to mild steel flanges, for 
corrosion use, fabrication may be in 
*“monel’. Bellows in this material 
range from 20 in. to 48 in. in diameter 
and accommodate 12 in. of movement 
with operating conditions in the range 
40° to 170°F at 100lb/in?. In the 
chemical industry, 60in. diameter 
monel bellows are used to carry steam 
containing salts in solution at pres- 
sures between 101b/in? and high 
vacuum. For higher temperatures and 
pressures, and where considerable 
movement has to be «ccommodated, 
equalizing rings are fitted to the bel- 
lows, these rings having the same con- 
tour as the convolutions when fully 
compressed. To reduce thinning effect 
to negligible proportions, convolutions 
are introduced hydraulically. Maxi- 
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wide range of applications 


mum ductility is maintained by means 
of heat treatment before and after 
forming. 

Although automatic welding is used 
wherever possible in the joining of the 
convolutions and the flanges and other 
bellows components, much hand weld- 
ing is nevertheless necessary, especially 
where the convolutions have been 
fabricated in stainless steel and the 
flanges are of mild steel. In such cases 
hand welding is carried out using 
Cooper & Turner Diadem Zircon 
HR2 electrodes. The chemical com- 
position of these electrodes provides 
a barrier which overcomes the tend- 
ency towards the migration of carbon 
from one steel to another and its pre- 
cipitation as a non-metallic boundary 
on the edge of the weld. This elec- 
trode is primarily designed for use 
with heat resisting steel such as 25° 
chrome 20%, nickel containing molyb- 
denum, the Diadem variant HR1 being 
employed for joining such steels as 
23% chrome 11% nickel with tungsten 
to 18/8 type steel. 

* 282 





Welding a bellows flange with a Diadem 
Zircon HR2 electrode, designed prim- 
arily for use with heat resistant steels 
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Uranium recovery 


direct solvent extracticn 


Because phase disengagement is iniii- 
bited by the solids present it is not 
normally possible to use a solvent .o 
extract a metal direct from an aqueo is 
leached slurry. A rotary film contac- 
tor has now been designed, howevcr, 
by the National Chemical Laboratory, 
for the UKAEA, that allows solveat 
extraction of metals direct from slvr- 
ries. It does this by providing adequate 
interfacial area per unit volume for 
mass transfer without dispersing one 
phase in the other. As a result, the 
usual high cost of the liquid/solid 
separation phase is entirely eliminated. 

The contactor consists of a number 
of disks on a common horizontal 
shaft ; the rotation of the disks main- 
tains solids in suspension in the pulp 
in the bottom half of the containing 
vessel. A film of pulp is carried over 
by the disks through the upper half of 
the contactor vessel containing the sol- 
vent. These contactors are being used 
for the continuous counter-current ex- 
traction of uranium from an approxi- 
mate 50%, solids ore pulp leached with 
sulphuric acid. The solvent is a solu- 
tion of di-(2-ethylhexyl) hydrogen 
phosphate in kerosine modified by the 
addition of tributyl phosphate. » 283 


Measuring temperature 
radiation pyrometer 


A radiation pyrometer and associated 
electrical circuits, capable of continu- 
ously measuring surface temperatures 
of metal bars in the range 650° to 
750°C, travelling at rates up to 20 ft 
min, has been developed by the 
UKAEA Development and Engineer- 
ing Group. 

Measurement is made in a 4-in- 
3 in. band between a heating zone and 
a quenching zone. A heat radiation 
transmission path is provided by a 
fused quartz rod, that has two breaks, 
the first for a rotary radiation chopper 
in the form of a slotted disk turning 
at a speed to give a chopping fre- 
quency of 1000c/s, the second for a 
radiation chopper having alternate 
blades of Perspex and germanium and 
giving a 10 c/s frequency. A lead sul- 
phide photocell at one end of the fused 
quartz rod receives alternate signals 
at 10c/s on a 1000c/s carrier signal. 

The resulting signals from the cell. 
suitably amplified and rectified, are 
smoothed and transmitted to the slide 
wire and pointer of a potentiometer 
and presented to the ratio recorder of 
the pyrometer. The reading at the 
ratio recorder is a function only of 
the bar surface temperature. 


* 284 
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Boiler water analysis 


Cambridge Instruments have devel- 
oped a multipoint boiler feed-water 
analyser for high pressure and high 
temperature boiler systems. The use of 
a highly flexible multipoint electronic 
recorder, special input circuits, and 
appropriate analyser units, enables the 
equipment to record several feed- 
water variables continuously and on 
the same chart. 

Four separate variables can be re- 
corded: dissolved oxygen and dis- 
solved hydrogen content, conductivity 
and pH in any desired sequence, using 
a 6, 8 or 12-point electronic recorder. 
Other analyses, such as residual hydra- 
zine, dissolved CO., etc, will be in- 
corporated as development work pro- 
ceeds. 

The zero and sensitivity adjustments 
for each analyser can be made at the 
recorder, the lower part of which is 
fitted with a special pull-out tray that 
houses the necessary controls, although 


continuous multipoint records 


the analysers themselves may be 
located anywhere in the plant, thus 
simplifying maintenance and saving 
space. 

The dissolved oxygen analyser 
works on the gas-transfer principle ; 
oxygen is removed from the sample 
water by scrubbing with hydrogen, 
and its concentration is measured with 
an electrochemical cell. Accuracy is 
better than 0-0005 p.p.m. and interfer- 
ence from other substances in the 
water is eliminated. The dissolved 
hydrogen analyser uses the same prin- 
ciple. The conductivity of the sample 
is measured with a specially designed 
and highly sensitive circuit, and the 
readings are corrected for changes in 
the sample temperature. The pH meter 
uses a glass electrode, is temperature 
compensated, and the amplifier con- 
tains checking circuits for all com- 
ponents except the electrodes. 


*& 285 


Neutron diffraction 


automatic spectrometer 


A neutron diffraction spectrometer 
that can be converted to automatic 
operation has been designed by 
M.A.N. of Augsberg for the Belgrade 
reactor at the Boris Kidrich Institute. 
Intended for the observation of dis- 
persed neutron intensity, it consists of 
a counter, operated by a novel drive, 
that passes through a determined angle 
range at selected intervals. The neu- 
trons dispersed on a specimen can be 
scanned at very small steps and re- 
corded with electronic counters. The 
evaluation of these measurements pro- 
vides information on the lattice struc- 
ture of solid materials. 

A similar instrument has already 
been supplied for the Garching reac- 
tor. Another has been ordered for 
the Dido reactor at Julich equipped 
with automatic position indication 
suitable for programming. The latest 
development, however, is the Karlsruhe 
design that is to be programmed and 
controlled by teleprinter from the 
Stuttgart Institute of Technology. 

* 286 





ALUMINIUM CORE SHELLS Work has 
recently been completed on the forging 
of four aluminium alloy rings, part of 
the core shells for the Swedish 30 MW 
MTR reactor at Studsvick and the 
20 MW reactor at Petten in the Nether- 
lands, both of Allis Chalmers design. 
Believed to be the largest forged 
aluminium rings ever produced in this 
country, each unmachined ring weighs 
some 1300 lb, with an outside diameter 
of 76in., an inside diameter of 6l3in 
and a thickness of 8} in. The rings were 
forged by Alcan; the ringing operations 
being performed on a 1200 ton hydraulic 
press and the flattening operations on 
a 4000 ton press. APV, who are making 
the core shells, are responsible for the 
machining operations * 287 
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IN BRIEF 


NUCLEAR PROPULSION To drive the 25 
kt US aircraft carrier ‘Enterprise’ are 8 
PWR Westinghouse reactors. The land pro- 
totype at Idaho, consisting of two reactors 
and the machinery for one of the carrier’s 
four shafts, has been operating in tandem 
since September 1959. * 288 


MICROWAVE MEASUREMENT An adjust- 
able sliding waveguide termination. that re- 
duces reflections to a minimum in micro- 
wave measurements, has been developed by 
the US National Bureau of Standards. The 
instrument has a minimum voltage standing 
wave ratio of less than 1-0002, or a return 
loss greater than 80 db. * 289 


VIEWING NUCLEAR PARTICLES Although 
originally designed for applications in astro- 
nomy, the Westinghouse Astracon tube, a 
powerful image amplifier, will make it pos- 
sible to see the light-trails of high-energy 
nuclear particles in luminescent crystals. 


* 290 
WELDING IN USSR Two new promising 


processes under development in Russia are 
Friction welding that uses no external heat 
and is limited to components of cylindrical 
or disk-shaped sections, and Diffusion weld- 
ing for joining dissimilar materials. 

* 291 


ISOTOPE SEPARATION Gram quantities 
of osmium isotopes have been separated at 
Oak Ridge, using an electromagnetic process. 
A volatile form of osmium oxide was used 
as the feed material. 


*% 292 
MEGAROENTGEN DOSIMETRY X- and 


gamma-ray exposure doses in the megaroent- 
gen range can now be measured by means 
of a simple film method developed by the 
National Bureau of Standards. Using com- 
mercially available film, photographic pro- 


cessing is not required, the darkening of the 
film is read directly with a conventional 
photoelectric densitometer. 


* 293 
IRON CORROSION Towards a basic 


understanding of the process involved in 
iron corrosion, Westinghouse have been 
conducting experiments that eliminate the 
conditions required for electrochemical re- 
actions, originally considered to be the cause 
of corrosion. The new theory developed 
suggests that hydrogen ions that come from 
water vapour penetrate the iron and enlarge 
the sites at which oxygen normally com- 
bines with the metal, thus spreading the 
reaction throughout the surface of the iron. 


*% 294 


PLUTONIUM MILLING To facilitate remote 
control, the new Loma rolling mill at 
Argonne is equipped with a mechanized 
roll changing device comprising a roll stor- 
age car, three slideways to carry three roll 
assemblies, quick-disconnect screwdowns and 
universal spindle supports. Complete roll 
changes can be performed in a few minutes. 
Special cartridge heating elements are 
mounted in the rolls to prevent undue chill- 
ing of the materials being hot worked. 


*& 295 


ROTATING REACTOR CORE US Patent 
2,940,915 relates to a high temperature reac- 
tor comprising a stationary housing and a 
rotatable annular core, Disposal of spent 
fuel elements is possible by way of the cylin- 
drical space along the core’s axis, fresh 
elements, inserted under pressure, is by 
way of the core’s cross section outer peri- 


phery. * 296 





* For further information on any item circle 
the appropriate number on the reply card facing 
page 150. 
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DIGITAL CONTROLLER 


small scale computer 
A small scale single purpose digital 
computer, Optimat, has been designed 
specifically by Panellit for industrial pro- 
cess control applications. The machine 
accepts input signals (quality, flow, tem- 
perature, etc.) from the process and, in 
turn, operates on the set points of up to 
three conventional three-term controllers. 
The set points are adjusted in such a 
way that optimum performance of the 
plant is obtained, whilst the process is 
retained within specification limits. 

Optimat operates by making a small 
change to the set point of one of the 
variables and observing the effect of this 
change on both the specification and the 
criterion to be optimized. As the opti- 
mum operating point changes due to the 
presence of uncontrolled variables, the 
process is continuously adjusted to the 
new optimum operating point. 

The computer may be connected 
directly to existing controllers, whether 
they be electrical, pneumatic or any 
other form. 

Optimat is completely solid state, re- 
quires no programming nor knowledge of 
the process transfer function. 

*% 208 


FILM BADGE EXPOSURES 
rapid evaluation 


For the purpose of film badge measure- 
ment, radiation dosage is a function of 
density appearing on the film. This 
density may be defined as the logarithm 
of the ratio between the light entering 
the film and the light leaving it. 

The Eberline FD-11 film densitometer, 
which uses this principle, is basically a 
null-balance, closed-loop system of den- 





The Eberline 
designed to provide rapid evaluation of 
film used to determine radiation dosage 


FD-11 densitometer is 


118 


sity measurement. A light source and a 
light chopper provide two equal beams 
of alternating light. One light beam 
passes through light-absorbing wedges, 
the unknown film, and into a light-inte- 
grating sphere. The wedges are a pair of 
counter-rotation glass density disks, 
whose combined density varies linearly 
around the circumference of the disks. 
The other light beam passes through a 
fixed density and a zero adjustment 
wedge into the light integrating sphere. 

In case of a density unbalance in the 
system, a 60-cycle variation in the light 
flux entering the photomultiplier occurs. 
Difference in the total densities intro- 
duced into the beams is translated into 
a peak photomultiplier output voltage 
signal proportional to the light difference 
between the two entering beams. This 
difference, when amplified, operates the 
servomotor and drives the balancing 
wedges in the direction that will decrease 
the difference. As the instrument ap- 
proaches balance, the difference becomes 
continually smaller until it reaches zero 
or becomes too small to operate the 
servomotor. The system is now in bal- 
ance and the position of the balancing 
wedges is a function of the density of 
the unknown film. 

Density is read directly from the coun- 
ter by setting an initial balance point 
with the zeroing wedge and reading the 
difference from a new balance point 
when an unknown film is introduced. 


%* 209 
RADIATION DETECTION 


crystal-photomultipliers 
Nuclear Enterprises now have available 
a completely new range of scintillation 
crystal head units using NalI(Tl) crystals 
ranging from 0-015in. up to Qin. dia. 
Other crystals are available for alpha, 
beta and proton detection. Advantages 
claimed are improved gamma resolu- 
tions, the elimination of optical and light- 
tight problems and the provision of spe- 
cial low background assemblies and pre- 
amplifier-dynode chain units. 

The assemblies fall into two main 
classes. In the integral assembly, used 
for all crystals up to and including 2 in. 
dia. the crystal is mounted directly on 
to the photomultiplier face. In the IA-HG 
thin crystal assembly, the crystal, of 
course, is mounted independently. In the 
demountable assemblies, used for crys- 
tals with diameters in the range 2-S in., 
crystals are independently mounted and 
viewed through an optical window. This 
facilitates ready replacement of the 
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The new range of scintillation crysta 
head units from Nuclear Enterprises 
fall into two classes; the demountable 
assembly (left) for crystals 2-Sin. and 
the integral assembly for thinner crystals 


photomultiplier and precludes the need 
to return the assembly for replacement 
For applications where very low level 
activities are to be measured, special 
low background assemblies, type DM-LB, 
are available that employ quartz win- 
dows, stainless steel canisters and de- 
based photomultipliers. 
%& 210 


INDUSTRIAL RADIOGRAPHY 


portable X-ray unit 
To meet the demand for a portable unit 
for weld examination, with a particular 
application for circumferential inspec- 
tion of small diameter pipes, Pantak 
have introduced the Baltospot G150, a 
new 150 kV X-ray unit. 





The Baltospot GI50 X-ray unit from 
Pantak is | ft Yin. long and 81 in. dia. 
and weighs 46 Ib 
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The instrument is available in two 
models, the type D head having a 60° 
field and the type P with a 360° field. 
The focal spot size of the tungsten tar- 
get is 1-Smm X 1-5mm in the E150D 
whilst that for the GI50P is 0-8mm X 
2:1 mm. A particular feature of the head, 
which is offset, is its use in the examina- 
tion of closed vessels of small diameters, 
a 3ft dia. tubular vessel with a welded 
dished end being well within the capa- 
city of the unit. 

Sulphur hexafluoride is used for both 
insulation and cooling of the X-ray tube, 
forced circulation cooling of the anode 
being effected by means of an internal 
blower. Stepless type kV and tube cur- 
rent controls are incorporated in the 
control unit to give continuously vari- 
able control. 


*® 211 


FLOWMETER CALIBRATION 


self-contained unit 


Fischer and Porter Ltd. have introduced 
a complete calibration unit which may 
be used for flowmeter calibrations up to 
a maximum flow rate of 60 gal/min 
(water). Standing 9 ft high, on an area of 
8 X 4ft, it is a completely self-contained 
unit. 

Water is passed through the instru- 
ment being calibrated at a manually con- 
trolled constant rate, after which it is 
then collected in one of the calibrated 
measuring vessels. The whole operation 
is timed and the reading of the measur- 
ing vessel is taken from the appropriate 
calibrated sight glass. 

The unit incorporates three measuring 
vessels; the low one has a capacity of 
1 gal and is calibrated in 1/10 gal inter- 
vals; the medium has an 8 gal capacity 
and is calibrated in 1 gal intervals, and 
the high has a capacity of 60 gal and 
is calibrated in 4 gal intervals. 

% 212 


PACKAGED AMPLIFIER 


three units combined 
Cubic Corporation’s Model 1100 ampli- 
fier, combines the features of three in- 
dividual units in one package: a differ- 
ential-input wideband d.c. amplifier, a 
bridge balance circuit, and a well regu- 
lated strain-gauge power supply. 
In instrumentation applications where 
a self-contained power supply is not 
essential, two d.c. amplifiers can be com- 
bined in a single unit, increasing from 
8 to 16 the number of amplifiers that 
can be mounted abreast in a standard 
19in, rack. Cubic’s Model 1000 chassis 
can be used with this new amplifier to 
provide any required gain, fixed or vari- 
able, and single-ended or differential 
input. 


*% 213 
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The new Cubic d.c. amplifier requires 
no separate power supply or bridge 
balance circuits 


LEVEL RECORDER 


continuous measurement 
A continuous level indicator, offering 
stability and freedom from drift, has 
been produced by Electronic Machine. 
The ‘ Contimitor ’ employs a crystal oscil- 
lator with full temperature and mains 
compensation and a matched transmis- 
sion line connects the instrument to its 
probe or transducer; cable lengths of up 
to one hundred yards can be used with- 
out loss of stability. 

A capacity change of 10 pica farads 
will give a reading over a range of nil to 
full scale on a 1 milliamp meter. In cases 
where extreme sensitivity is required, 
provision can be made to give 0-03 pica 
farads for 1 milliamp change in output. 

If it is used in applications such as 
continuous level monitoring in tanks, 
where high minimum values of capacity 
are encountered, with relatively large 
changes in capacity as the level rises, 
provision is made for tapping down the 
coil at the probe end, thus accommodat- 
ing a wide range of probes or transducer 
conditions. 

*% 214 


X-RAY DIFFRACTION COUNTER 


automatic operation 

Hamner’s new N-276 scaler is designed 

for use in systems where high speed 

and/or automatic operation is indicated. 

It can be combined with N-803 printing 
timer to form a scaler-timer system. 

The unit features fifteen preset counts 





The Hamner N-276 high speed print- 
ing scaler has a sensitivity of = 4 
volts peak minimum 






from 10 to 500,000 counts and is also 
operable in preset time and manual 
modes. It is also possible to preset both 
counts and time in any combination, 
with the occurrence of the first preset 
event stopping the counting system. 
The Hamner scaler has a pulse pair 
resolution of better than 1 microsecond, 
a repetition rate of 1 megacycle, and a 
display of 6 electronic decades. y 215 


RADIATION MONITOR 


hands and clothing 


The hand and clothing monitor Type 1, 
developed by EMI Electronics, can 
check a person’s hands simultaneously 
for alpha and beta contamination, and 
at the same time monitor the clothing of 
two other people. 

The use of a dual phosphor-ZnS(Ag) 
and plastic phosphor, with an area of 
8 in. X Sin., in the hand counters halves 
the counting time and ‘gives five seconds 
at the normal permissible level. The inte- 





EMI’s contamination monitor is useful 
when large numbers of people need 
checking in a short time 


grated counts are displayed on four 
meters, and audible and visible warnings 
are given as soon as the n.p.l. is ex- 
ceeded. 

Two other independent probes are 
used for monitoring clothing; a ZnS(Ag) 
on perspex scintillation counter for alpha 
contamination, and a_ geiger-miiller 
counter type B12H, with cathode fol- 
lower, for beta-gamma _ contamination. 
Background radiation, which is contin- 
uously monitored by a plastic phosphor 
counter, is subtracted from the total mea- 
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sured count. 


PLATING THICKNESS METER 


coulometric principle used 
A plating meter for measuring the thick- 
ness of most industrial platings is being 
manufactured by Nash and Thompson. 
Using the coulometric principle, it strips 
the plating from a standard area and 
measures the integration of time and cur- 
rent density, an operation that normally 
takes a few minutes. The thickness of 
the plating is determined from a dial 
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reading and a multiplying factor. 

The meter will measure thicknesses in 
the range 0-000004 in. to 0-0015 in. in the 
following combinations: chromium on 
nickel; nickel on aluminium, steel, brass 
or copper; copper on steel or zinc; cad- 
mium on steel; and zinc on steel. 

*% 217 


PLATE BENDING 


3-roll pyramid machine 
Bronx Engineering has recently intro- 
duced a new range of bending rolls of 
the pinch/pyramid type. Consisting of 
three rolls, vertical adjustment, either 
independent or simultaneous, is made 
with the two bottom driven rolls. 

With a capacity for pre-bending and 
rolling mild steel plate 10 ft in width and 
Zin. thick, both long edges of the plate 
can be performed prior to rolling without 
taking the plate out of the machine. For 
the removal of completed cylinders, the 
top roll is balanced from the drive end, 





In the Bronx PPP410 pinch/pyramid 

rolls, the roll necks extend outside the 

housings on the swing down end and 

allow various types of roll to be fitted 

that can be used for the bending of 
angles and other sections 


and at the non-drive end the bearing 
housing swings down. Both operations 
are controlled pneumatically by one con- 
trol movement. 

Large indicator dials are fitted at the 
drive end to register the movement of 
the bottom rolls. 
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RADIATION DETECTION 


personal monitor 
A miniature radiation detector with built- 
in speaker and flashing neon lamp, the 
Wallac type RDM, is available from 
Griffin & George. Designed in Finland 
for gamma and X-radiation indication, 
the instrument is powered with two stan- 
dard 1-5 V batteries, weighs 5oz and 
fits into the pocket. 

It comprises an oscillating transistor, 
transformer, rectifier, filter, ionization 
tube and crystal speaker. Background 
radiation is indicated by a 20 pulse/s sig- 
nal whilst intensities of from 2 mr/h to 
2r/h give rise to a loud crackling sound 
varying according to radiation strength. 
* 219 
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e@ Potentiometric recorder Aveley’s new 10- 
speed d.c. chart recorder incorporates very 
high input impedance of up to 10" ohms, a 
fully floating input and ten different chart 
speeds, selected by push-button control. 
Direct connexion is permitted of circuits 
such as diode rectifiers, discriminators, 
photo-electric multipliers, etc. 
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e Laminated aluminium. Bakelite’s Ware- 
rite aluminium, which has been supplied for 
the ‘ Dreadnought’, consists of decorative 
laminated plastics bonded to an aluminium 
core—6, 8 and 10 gauge. It is very clean, 
impermeable, splinter proof and of great 
strength. 

% 221 


e Rust prevention. Galvalloy, a compound 
of anodic metal particles suspended in a 
plastic anti-corrosion medium, has been 
developed by Stewart Wales Somerville for 
ferrous metal protection. 


* 222 


@ Time indicator. The Selachron series of 
compact, electro-chemical, elapsed time in- 
dicators introduced by Industrial Instruments 
record the total operation time of electrical 
equipment. Each indicator weighs under 2 oz. 
and is 2} in. long with a diameter of 1 in. 

* 223 


e@ Radioactive decontamination. SDG3 pow- 
der from the Standard Chemical Co. is 
suitable for removing radioactive metal con- 
tamination from metallic and other hard 
surfaces and from textile materials. It takes 
the form of a white granular free-flowing 
powder and is diluted with water for appli- 
cation. 
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e Air breathing apparatus. Siebe Gorman’s 
Mark IV self-contained compressed air 
equipment consists of a cylinder containing 
some 1200 litres charged to 132 atmospheres 
and a mask with a valve that opens on in- 
halation and closes on exhalation. A second 
mask can be connected that enables two 
persons to breath air from the one cylinder. 


%*% 225 


@ Oscilloscope camera, Thompson's new 
oscilloscope recording camera, Series 410, 
supersedes the 400 and is now fitted with an 
iris diaphragm stopping down to f/32 and a 
between lens compur shutter, with speeds 
ranging from 1 to 1/125th second. 

*% 226 


e@ High vacuum valves. For the automatic 
control of vacuum apparatus, an improved 
range of magnetic valves is available from 
NGN Electrical in standard sizes of 4 in. 
and 1 in. Larger types may be supplied. 


%& 227 


@ Semiconductor devices. Texas Instruments 
have introduced a new series of semiconduc- 
tor devices which include the first com- 
mercially available gallium arsenide tunnel 
diode; high-speed switcher transistors, both 
germanium and silicon; high voltage recti- 
fiers; and a completely new range of zener 
voltage reference diodes. 
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e@ Voltage measurement. Using a new low 
impedance adaptor, Wayne Kerr’s B601 r-.f. 
bridge will now give an overall measure- 
ment down to 1 milliohm, 1 milli-microhenry 
and up to 5000 microfarads. 


* 229 
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e@ Inductance measurement. Designed for 
operation over a frequency range from 25 
to 3000 c/s, Furzehill’s B810A incremental 
inductance bridge and associated units g ve 
direct reading of inductance and Q with or 
without d.c. flowing. 

* 730 


e Arc welding electrodes. Lincoln hove 
added to their range of electrodes the 
‘ NuFive ’, a cellulose type for welding mild 
steel, and the *‘ NuSeven’, an iron powder- 
rutile type for general mild steel application, 
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e@ Vacuum gauges. Edwards’ latest ‘ Speedi- 
vac’ Penning type gauges cover the range 
10 torr to 10—" torr. Suitable for industrial 
use, they are robust and employ simple 
circuitry. 
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e@ Valve testers. Taylor's have released a 
new valve tester, type 45C, capable of test- 
ing over 5000 different types of valves. It 
has 2 ranges of mutual conductance, (-3 
mA/V and 0-5 mA/V. 

* 233 


e Precision potentiometer. General Controls 
are producing a size 05 servo or bush 
mounted precision potentiometer, that has a 
maximum value of 20,000 2, with tappings 
in 3 positions to order. The best practical 
linearities are 100Q to 10,000Q + 0-5%, 
10002 to 10,0002 —4 %, 10,0002 to 20,0009 
+ 0-3%. 
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e@ Level indicator, Rank Precision’s elec- 
tronic level indicator, ‘Talyvel’, checks levels 
horizontally or vertically and uses a pendu- 
lum in conjunction with transducers that 
provide an electrical displacement signal. 
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e@ Wide-band amplifier, For use as a lab- 
oratory instrument, 1-155 amplifier of Con- 
solidated Electrodynamics is designed to 
amplify low-level transducer signals over the 
d.c. to 10 ke range. It attains a common 
mode rejection of 120 db from d.c. to 1-5 
kc and 140 db at 60 cps and has a peak to 
peak output of 200 mA, 20 V. 
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e Circuit breaker, A new 132 kV oil cir- 
cuit-breaker, type LG6C, produced by AEI, 
is of three-tank monobloc design and has 
60% less oil content than earlier designs. 
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e@ Refractory materials. Suitable for uses 
around 1700°C, Spicer’s Zirconite, compris- 
ing high-purity zircon, and available in 
handy stock billets, can be sawn, drilled, 
filed, turned and shaped. 
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e@ Thickness gauge. Steel of up to 8 mm 
thick can be tested by the Solus-Schall type 
2211 magnetic thickness gauge. Consisting 
of a control unit and a magnetizing probe, 
the 30 1b equipment is transportable. 

* 239 
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A 100 million electron volt, 40 kilowatt 
microwave linear accelerator. 


n’s elec- 
ks levels 
| pendu- 
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$ a lab- 
of Con- 
— B. One of the world’s most powerful when completed, this high-energy electron accelerator 
sommon will enable the U. S. National Bureau of Standards to carry out extensive programs in: 
. to 15 
snd to : 
@ Nuclear Physics Research 
*% 236 


i tae @ Radiation Effects 
by AEI, } 
and has @ Dosimetry Standards 
gns. 

* 237 
... tomeet the need for new data in the growing field of applied radiation. 
i Ses 
cae 
able in The linear accelerator (Linac) is under construction at the manufacturing and test 


aaa, facility of Applied Radiation Corporation, Walnut Creek, California. 
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o 8mm Particle accelerators for science and industry. 
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NEW HAWKER SIDDELEY AGREEMENT 
Spembly Ltd and Hawker Siddeley 
Nuclear Power Company Ltd are to co- 
operate in the design, manufacture and 
selling of specialized high temperature 
furnaces of a type designed and now 
being commissioned by Spembly at 
Hawker Siddeley’s Langley works. Some 
details of Spembly’s work in this field 
were reported in Nuclear Power, February 
1959, p 92. The current furnace is said 
to be four times larger than anything 
of its type and is expected to play an 
important part in research in the nuclear 
and high temperature field. 


DATA PROCESSING SERVICE An organi- 
zation which can perform data processing 
on a commercial basis has been set up 
by de Havilland Propellers Ltd at their 
factory at Stevenage. It is believed to be 
the first such service generally available 
to industry in the south of England and 
work has already been undertaken for 
the Central Electricity Generating Board, 
and the UKAEA. 


MORE TRAWSFYNYDD ORDERS Tem- 
perature data handling equipment, de- 
signed and manufactured by Blackburn 
Electronics Ltd, is to be installed in the 
Trawsfynydd nuclear power station being 
built by Atomic Power Constructions 
Ltd, This will be the first installation of 
the Yorkshire company’s equipment in a 
power station to be connected up to the 
national grid. 


PLESSEY EQUIPMENT FOR THE US 
Burst slug detection equipment for the 
Westinghouse Test Reactor at Waltz 
Mill, Pennsylvania, was delivered re- 
cently by Plessey Nucleonics Ltd to the 
Canadian Westinghouse Company. It is 
to be incorporated in an experimental, 
high pressure gas loop. 


@ An /BM 7090 data processing system 
has replaced the IBM 709 which has 
been in operation at the United Kingdom 
Atomic Energy Authority since July 1959. 


@ An AEA-owned Mullard mobile linear 
accelerator is to be used at Trawsfynydd 
for checking pressure vessel welds. It is 
expected on site shortly. 


OVERSEAS 


AEC ENGINEERING MATERIALS The 
USAEC has arranged to make available 
at greatly reduced costs, copies of en- 


gineering materials covering almost 
every aspect of the nation’s nuclear 
energy programme. The materials in- 


clude drawings, photographs, sketches, 
design criteria, specifications and parts’ 
lists which have been prepared as part 
of various engineering and construction 
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programmes carried out by the AEC 
and its contractors. Contractual arrange- 
ments have been completed with Cooper- 
Trent Blueprint & Microfilm Corpora- 
tion, 2701 Wilson Boulevard, Arlington 
1, Virginia, to supply on order, full 
sized blueline prints at a cost of 17 cents 
per square foot, FOB contractor's plant, 
with substantial discounts allowed on 
larger orders. Requests for prints should 
be addressed to Cooper-Trent. 


CANADIAN COBALT-60 AGENTS High 
specific activity Cobalt-60 sources for 
radiography are now being distributed in 
the UK for Atomic Energy of Canada 
by the /ndustrial Division of Watson & 
Sons (Electro-Medical) Ltd, of North 
Wembley, Middlesex. A wide variety of 
standard sources made up from this 
high specific activity (100 curies/g) is now 
available and can be fitted into the vari- 
ous containers in use today. 


SENN VALVE CONTRACT All the valves 
for the Senn nuclear power station being 
built near Naples are to be supplied by 
the Dutch firm, G. Dikkers & Co of 
Hengelo. The order was obtained in open 
competition with US and European 
firms. Dikkers supplied valves for the 
Halden reactor in Norway and has also 
done work for the Dutch research centre 
at Petten. 


JAPAN BUYS GRAPHITE KNOW-HOW 
The GEC has concluded a long term 
agreement with Nippon Denkyoku 
Kabushiki (Nippon Electrode Co. Ltd) 


SWEDISH COMPUTER CENTRE Part 
Jonkoping analogue computer centre 
SAAB only recently released details 





covering the manufacture in Japar of 
a special type of graphite developec by 
GEC laboratories for use in nuciear 
plant. The agreement is initially for ten 
years and is subject to approval by the 
UK and Japanese governments. Nippon 
Denkyoku will be able to sell the two 





types of graphite involved—low perme. 
ability and substantially impermeab e— 
anywhere in the world, with the excep. 
tion of the UK. A new plant for menu- 
facturing this graphite is to be built in 
Japan. 


INTERESTS TRANSFERRED 
Degussa (Deutsche Gold-und Silber. 
Scheideanstalt Vormals Roessler) has 
transferred its interests in the nuclear 
field to Nukem (Nuclear-Chemie und 
Metallurgie GmbH). Degussa personnel 
undertaking research will move over to 
Nukem and the firm’s installations in 
Wolfgang, near Hanau, will go to 
Nukem. 


DEGUSSA 


ACCELERATOR FOR SA UNIVERSITY 
An offer of £100,000 has been made by 
the South African mining industry 
towards the cost of a nuclear accelerator 
and ancillary buildings for the Univer- 
sity of the Witwatersrand in Johannes. 
burg. The mining industry also contribu- 
ted £800,000 recently toward a fund for 
the development of nuclear research in 
the Union. 


URANIUM RECOVERY CONTRACT WNu- 
clear Materials and Equipment Corp. of 
Pennsylvania has been awarded a con- 
tract by the USAEC to recover uranium 
content from nuclear fuel scrap genera- 
ted at various government installations. 
This is the fourth such contract received 
by the company in the past year. Numec 
has also received a contract from the 
AEC to produce ultra-pure hafnium 
metal. This will be used as a control 
material in connexion with the AEC’s 
naval reactors programme. 











of the Swedish Aircraft Company’s (SAAB) 
which started operations earlier this year. 
of the centre which is equipped with a 
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Safeguard 
your plant 
with the 


NASHTON 





A high-precision 


flow-controlled switch 


electrical switch operated 


by liquid flow 


Available in gunmetal, brass, 


or stainless steel tor corrosive 


fluids — flameproofed models 


for explosive atmospheres 


The ideal safety device in 
coolant systems for 


NUCLEAR REACTORS 
MOBILE GENERATORS 
X-RAY EQUIPMENT 
AUTOMATIC PUMPS 
RADAR TRANSMITTERS 
WELDING PLANT 


Make 


NASHTON 


the heart of your 
‘fail safe’ 
security 








Ws 

my Write now for a leaflet detailing 
various models, flow rates, maximum 
temperedures and pressures, etc. 


Limited 


Nash and Thompson 


Hook Rise South, Tolworth, Surbiton, Surrey 


Telephone: ELMbridge 5252 
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Diary 


24 NOVEMBER 
Atomic reactions studied by spectroscopy, 
Hull University. Details, Chemical Society, 
Burlington House, Piccadilly, London, WI 

25 NOVEMBER 
Symposium, New materials of interest to 
the Physicist, London. Details, the Secre- 
tary, The Institute of Physics and The 
Physical Society, 47 Belgrave Square, SW1 

28 NOVEMBER—9 DECEMBER 
IAEA Regional library workshop on 
literature in the field of nuclear energy, 
Manila 

29 NOVEMBER 
Nuclear Temperature Scanning Sympo- 
sium, The Society of Instrument Techno- 
logy, London. Details, 20 Queen Anne 
Street, London, W1 

29 NOVEMBER—2 DECEMBER 
Corrosion and Metal Finishing Exhibition, 
Empire Hall, Olympia, London. Details, 
9 en Street, London, NWI 

30 NOVEMBER—2 DECEMBER 
Steels for Nuclear Reactor Pressure Cir- 
cuits Iron and Steel Institute at Hoare 
Memorial Hall, Church House, Great 
Smith Street, London, SW1 

2 DECEMBER 
Films, Dounreay Fast Reactor, Isotopes 
in Industry, at Junior Institution of Engin- 
eers, Pepys House, 14 Rochester Row, 
Westminster, SW1 

4-7 DECEMBER 
Annual meeting, American Institute of 
Chemical Engineers, including sections on 
nuclear reactor operations, Washington 

4-9 DECEMBER 
Annual meeting, Radiological Society of 
North America, Cincinnati 

5-8 DECEMBER 
Fifteenth Annual Meeting and Astronauti- 
cal_ Exposition, Washington. Details, 
Roderick L. Hohl, American Rocket 
Society, 500 Fifth Avenue, New York, 36 





5-9 DECEMBER 
IAEA Symposium on Pest Control by 
Radiation, India 

6 DECEMBER 
Welding processes, design of pressure ves- 
sels, etc, Birmingham meeting organized 
by the British Welding Research Associa- 
tion 


7 DECEMBER 
Recent developments in the welding of 
pressure vessels, Dr H. Harris, Glasgow. 
Details, The Institute of Marine Engineers, 
76 Mark Lane, London, EC3 
Dounreay Fast Reactor _ Symposium 
(arranged under aegis of British Nuclear 
Energy Conference), Institution of Mech- 
anical Engineers, London, SW1 
Radioactivity in relation to water supplies, 
Newport Meeting, Society for Analytical 
Chemistry and Cardiff and District Sec- 
tion, Royal Institute of Chemistry 

7-11 DECEMBER 
IAEA regional symposium on education 
and nuclear energy, San Carlos de 
Bariloche, Argentina 


8 DECEMBER 

Dragon project, Dr L. R. Shepherd, at 
Liverpool University. Liverpool and North 
Wales branch meeting, The Institute of 
Physics and The Physical Society 

Some designs aspects of gas-cooled, nuclear 
power _ Stations, Bristol University. 
Arranged by the Chemical Society, Royal 
Institute of Chemistry, Chemical Engineer- 
ing Group and Institute of Metals 


11-14 DECEMBER 
Eighth Hot Laboratory and Equipment 
Conference, San Francisco. Details, James 
R. Lilienthal, Los Alamos Scientific Lab- 
oratory, P.O. Box 1663, Los Alamos, New 
Mexico 

12-14 DECEMBER 
Winter Meetin 
Society, San 

12-15 DECEMBER 
1960 Western Atomic Fair, jointly spon- 
sored by the American Nuclear Society 
and Atomic Industrial Forum, San Fran- 


of the American Nuclear 
rancisco, California 





cisco. Details, Exhib Megr., AIF, 3 East 


54th Street, New York, 22 

12-16 DECEMBER . 
Use of Radioisotopes in the Study of 
Endemic and Tropical Diseases, 1A:A 
Symposium, Bangkok, Thailand 

13 DECEMBER a 
Analysis of waters used in industry, | it- 

mingham, Details, Society for Analyti-al 
Chemistry, 7-8 Idol Lane, EC3 

14-16 DECEMBER : 
1960 Annual Conference of the Atomic 
Industrial Forum, San Francisco, C li- 
fornia 

15-16 DECEMBER. 
Autumn meeting, Powder Metallurgy Jo nt 
Group, includes symposium on practical 
aspects of pressing metal powders, Church 


House, Great Smith Street, London, SW1 
1961 
3-9 JANUARY 


48th session of Indian Science Congress. 
Details, General Secretary, 64 Dilkhusa 
Street, Calcutta 17 
10-12 JANUARY 
Physics of Polymers, including Irradiation 
effects, conference, University of Bristol, 
Details, the Secretary, The Institute of 
Physics and The Physical Society, 47 Bel- 
grave Square, SW1 


Future Months 


20-26 FEBRUARY 
International Congress on_ semiconductor 
devices, Paris. Details, Exhibition Services, 
23 Rue de Lubeck, Paris 16e 

28 FEBRUARY 
Safety of Nuclear Marine Propulsion 
Plant, joint panel, J. M. Murray and H. 
Pemberton, organized by The Institute of 
— Engineers, 76 Mark Lane, London, 


15 MARCH 
Burst Slug Detection Symposium, London. 
Details, The Society of Instrument Tech- 
al 20 Queen Anne Street, London, 








Industrial 
Literature 











Particle accelerators. The latest issue of 
Allis-Chalmers’ ‘ Electrical Review ’ includes 
an article on US investigations into new 
concepts of accelerator design, using higher 
beam intensities. 

* 248 


Water treatment. Following the recent agree- 
ment between Belco and Head Wrightson, 
the latter have now issued a booklet briefly 
describing processes offered in the field of 
water demineralization. 

* 249 


Control devices. Recent specifications from 
Bailey Meters cover the ‘ Mini-line’ level 
transmitter for non-corrosive fluids, an elec- 
tronic transistorized resistance bridge for 
temperature control] and alarm, and a remote 
adjustable computing relay for pressure- 
temperature compensation 

* 250 


Heat treatment furnaces. A recent brochure 
from Efco introduces a wide variety of 
equipment ranging from small laboratory 
furnaces to elaborate installations. 


* 251 
Nuclear engineering. A brief introduction 
to the nuclear materials and products 
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handled by the BSA Group, includes zir- 
conium, boron and vacuum melted steels, 
‘ Hylite’ titanium alloys and machinery for 
beryllium, fuel element and uranium oxide 
handling. 

*% 252 


Nuclear instruments. Baird-Atomic’s cata- 
logue A-4 details the specifications for an 
extensive range of laboratory instruments 
and includes radiation counting systems, 
ratemeters, scalers, amplifiers, analysers, and 
detectors. Likely to be of use are the charts 
showing isotope medical applications, opti- 
mum counts, and scaler assemblies. 

*% 253 


Commercial glass. Corning’s new edition of 
* Properties of selected commercial glasses ’ 
contains information of several new glasses 
as well as new sections on thermal expansion 
and optical properties. 

* 254 


High temperature thermocouples. The first 
issue Of Engelhard’s ‘ Technical Bulletin ’ 
contains an article on the development of 
high temperature thermocouples using noble 
metals. Their range of platinum/platinum- 
rhodium thermoelements are a'so featured in 
a separate leaflet. 

* 255 


Phase meter. Design details of a new tran- 
sistorized phase meter, type 630, are given in 
a recent issue of the Dawe Digest. 

* 256 


Refractory materials. Carborundum’s recent 
issue of ‘Advanced Materials Technology ’ 
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includes the properties and applications of 
new silicon carbides, boron nitride and car- 
bide, fused magnesium oxide, zirconium and 
hafnium. 

* 257 


Lubrication dispersions. A revised booklet 
from Acheson gives the properties and ap- 
plication of 38 graphite, molybdenum disul- 
phide and resin-bonded dispersions. Another 
publication introduces the range of greases 
and compounds for other specific lubricating 
problems. 

* 258 


Electrical insulation. Micanite’s publication 
GB-8-60 details the properties of Paxolin 
glass laminates suitable for applications up 
to about 200°C, and of varnished glass 
fabrics for higher temperature applications. 

* 259 


Centrifugal fans. Specifications for the 
‘Sirocco L.D. type forward curved multi- 
bladed fan with diameters ranging from 
12s in. to 49}4in., are given in Davidson's 
publication 503/60. 

* 260 


Particle accelerators. ‘ Radiation Review ’, 
a new newsletter series from Radiation 
Dynamics, directed to users of radiation in 
research, commences with a discussion on 
high current accelerators for low yield ex- 
periments. 

* 261 
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The demand for new and 
still newer metals is 
nowhere more clearly seen 
than in the requirements of 
nuclear engineering. The 
range of metals used for 
fuel cans and other reactor 
components already covers 
special aluminium and 
magnesium alloys, 
beryllium, hafnium, 
niobium, titanium, 
vanadium and zirconium. 
1.C.I. Metals Division, 
U.K. leading producer ot 
new metals, makes these 
materials in wrought forms 
and as finished components, 
such as fuel cans. 
Associated with nuclear 
engineering from the start, 
no organisation has done 
more towards solving the 
challenging metallurgical 
problems presented at every 
stage of development. 


ICI a FIRST IN 
| NUCLEAR METALS 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON SW1 
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People 


by John Radford 


THIS year’s Nobel Prizes in physics and 
chemistry have gone to two American 
professors. For his invention of the 
bubble chamber, Professor Donald 
Glaser of the University of California 
has been awarded the physics prize. The 
chemistry prize goes to Professor Willard 
Libby, a former member of the USAEC, 
for inventing the carbon-14 method of 
determining age in archaeology, geology 
and other branches of science. Professor 
Libby was for nine years professor of 
chemistry at the University of Chicago’s 
Institute of Nuclear Studies and was a 
member of the USAEC from 1954-59. 
Last year he won the Albert Einstein 
award. Professor Glaser has worked at 
the University of Michigan and joined 
the research group at Berkeley, Cali- 
fornia, this year, He designed and oper- 
ated the first bubble chamber eight years 
ago. 


Three visitors from the Finnish State 
Board were recent guests of the Central 
Electricity Board. During their week’s 
stay, the delegation—Raimo Tuuli, an 
expert on nuclear engineering; Tauno 
Rask, a thermo specialist and Mr 
Laurila, director of the electrical depart- 
ment and a director of the Finnish 
agency—visited Bradwell, Calder Hall 
and High Marnham (near Retford) power 
stations. 


The export company of Associated Elec- 


trical Industries Ltd is to have a single 
managing director instead of three joint 
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DRESDEN CEREMONY 


Mr Ralph Cordiner 
(left), chairman of the 
US General Electric 


Board, fastens the last 
bolt to fit the control 
key to the master con- 
trol console of the 
Dresden nuclear power 
station at its formal 
dedication recently. 
With him (centre) are 
Mr Jj. A. McCone, 
chairman of the AEC, 
and Willis Gale, chair- 
man of the board of 
Commonwealth Edison 
Co., the operators of 
the station 


managing directors. He is Mr F. R. 
Mason. Mr E. V. Small, one of the three 
joint managing directors, has retired 
from executive work and is appointed 
consultant; Mr H. West, managing direc- 
tor of AEI (Manchester) Ltd, also be- 
comes a director of the export company 
and Mr B. A. Hensler, one of the pre- 
vious joint managing directors, will con- 
tinue as a director. 


Mr W. G. Harrison, new general mana- 
ger of Dynatron Radio Ltd, will now 
have overall responsibility for co-ordin- 
ating the development, production and 
sales of the company’s domestic and 





W.G. HARRISON 
Dynatron 
general manager 


G. A. SMITH 
to co-ordinate 
Plessey sales 


electronic products. For the time being, 
he will also continue to control the com- 
mercial aspects of domestic radio and 
television. Prior to his appointment, Mr 
Harrison was sales manager of the radio 
and television sales division. 


Co-ordinating the four sales organiza- 
tions within the Plessey Group is the 
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task facing Mr George A. Smith whose 
appointment as Commercial Executive 
of the Group was announced by Mr 
Michael Clark, Director of the Electronic 
and Equipment Group of The Plessey 
Company Ltd. Until recently, Mr Smith 
was general manager of the Telecom- 
munications Division and before that 
was responsible for overseas sales of 
electronic equipment for Plessey Inter- 
national Ltd. 


Italian-born Pier F. Talenti has been 
appointed vice-president of Fairbanks- 
Morse & Co’s newly formed International 
Division and Frank Gervasi, vice-presi- 
dent for European operations, with head- 
quarters in Rome. An engineer and 
banker, Mr Talenti was formerly vice- 
president in charge of the international 
banking department of the First Western 
Bank of San Francisco while Mr Gervasi, 
a noted engineer and journalist, was 
formerly Chief of Information for the 
Marshall Plan in Italy. 


Recent developments at Foster Wheeler 
Limited include the election of Mr 
C. E. H. Verity, the managing director, 
as a director of their parent company, 


C.E.H. VERITY A. P. TABER 
US directorship controls US B & W 
research 





Foster Wheeler Corporation of New 
York. This company and its subsidiaries 
are international builders of processing 
plants and steam power equipment. Also 
disclosed was the appointment to the 
company’s board of Messrs R. L. J. 
Haydon, C. J. Geiss, J. F. G. Arman, 
A. S. Bridgwater, and J. McLean. 


Now in charge of the research and de- 
velopment division of the US Babcock 
& Wilcox is Mr Alden P. Taber, who 
has been elected a vice president. He 
will control the company’s research and 
development work and also be respon- 
sible for co-ordinating this work among 
the company’s subsidiaries. Before join- 
ing Babcock & Wilcox, Mr. Taber was 
professor of metallurgical engineering at 
Syracuse University. 


Dr H. J. Bhabha, chairman of the Indian 
Atomic Energy Commission, is again in 
the news—he has been elected President 
of the International Union of Pure and 
Applied Physics. 


1960 














L_] Fa | ee win 


e 


ih,  ECee 


Wig 





























—_—— 


BELLOWS r mT 



































ee iy 


-4° 
Weaw: 


= 
iW 


a 
rt 























By courtesy of ‘NUCLEAR POWER’ 


NO LESS THAN 84 BELLOWS 66” diameter and 36 
BELLOWS 42” diameter, all of butt-welded stainless steel 
manufacture, are being fitted at Trawsfynydd to take up 
movement in the COz2 cooling gas ducts. 

Teddington secured this order only after many exhaustive 


: tests including an accelerated life test equivalent to 20 
/Ilustration A represents one of the Teddington Stainless 
Stee! Bellows supplied to Trawsfynydd with a novel form years full operation. In addition, the larger size bellows 
f ‘ai i] ¢ ) . . P 
of restraint designed by Richardsons, Westgarth & Co. Ltd were subjected to over-pressure tests of 1580 p.s.i.g. with- 
(a member of Atomic Power Constructions Ltd.). This | 
de- avoids the use of highly stressed hinge pins and permits ; out developing a leak. Wherever pipe-work is subjected to 
cock a complete gimbal movement ; 


who 


He showing the restraining rings for extra strength which 


and pss Neate ci thie tedliaies diate with a suitable end fitting will solve the problem. Write for 


vibration and movement in any direction owing to condi- 


ilustration B indicates a section of Teddington Bellows 


tions of temperature and pressure, a Teddington bellows 


pon- full details of our range. 
10ng 


join- 
was 
1g at 


TEDDINGTON AIRCRAFT CONTROLS LIMITED 


(INDUSTRIAL BELLOWS DIVISION), 
AMMANFORD, CARMS. 


Made under Licence from the Solar Aircraft Co. California, U.S.A. 
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22 HENRIETTA STREET, LONDON, W.C.2 


Just Published 


Radioactive Wastes 


Their treatment and disposal 


Editor: J. C. COLLINS, 


B.SC., M.S.E., A.M.1L.C.E., Department of 


General 
Municipal Engineering, Faculty of 
Technology, University of Manchester. 


The first half of the book is of a 
fundamental nature, explaining the 
problems which have to be under- 
stood when dealing with radioactive 
material. The second half deals speci- 
fically with the treatment and disposal 
of liquid, solid and gaseous radio- 
active wastes, and includes valuable 
information on the results of labora- 
tory work, and on the experience 
gained in operating treatment plants 
in different parts of the world. Each 
chapter has been contributed by an 


expert. 


* 


Demy 8vo.; 251 pp.; 45 figs.; 
21 tables ; 55s. net 


* 


I welcome this book—it is highly 
technical but has a real contribution 
to make to some present pressing 
problems the contribution that 
this book makes to further develop- 


ment is of great value.’ 
SIR ALEXANDER FLECK, 
D.SC., F.R.S. (in his foreword to the 


book) 


LETS OT ENTER 
* 262 


K.B.E., 








Spectroscopist's handbook 


Applied Gamma-Ray Spectroscopy edited 
by C. E. Crouthamel, Pergamon, London, 
1960: Price 50s 

This is primarily a reference book for 
the radiochemist, and its main emphasis 
is on the applications of gamma-ray 
spectrometry to qualitative and quantita- 
tive analysis: it can, however, be recom- 
mended to any gamma-ray spectroscopist 
since it brings together much material 
that has heretofore been scattered among 
a number of sources. It contains well 
written accounts of many of the impor- 
tant practical problems in the field, rang- 
ing from the accurate calibration of de- 
tectors to methods of selecting photo- 
multipliers and of handling and canning 
Nal crystals. Theoretical discussions are 
brief and consist mainly of quoting re- 
sults that are important for practical 
applications. 

The most striking feature of the book 
is the group of appendices which account 
for well over half the pages. It contains 
a number of useful tables, including one 
in which the radionuclides are listed 
successively by gamma-ray energy, 
atomic number and half life, There is 
also a 150-page ‘atlas’ of Nal scintilla- 
tion-counter spectra for most of the 
radioisotopes, all taken in a standard 
geometry with 4” X 4” crystal. This 
‘atlas,’ though interesting qualitatively, 
is of somewhat limited practical value 
since the details of experimental spectra 
depend so much on geometry and the 
size of crystal used. It is perhaps a pity 
that this compilation could not have been 
condensed and more space devoted to 
some of the many research applications 
of gamma-ray spectrometry that are 
completely neglected. 

The book is well produced, and the 
editor is to be congratulated on main- 
taining throughout a uniformly high 
standard of style and quality. 


J. H. Montague 


New Books 





@ Computer engineering edited by S. A. 
Lebedev (Translated from the Russian) Per- 
gamon Press, London 1960 184 pp Price 
63s 

* 263 


e@ Heat transfer engineering by H. Schenck 
314 pp Price 28s 
* 264 


Longmans, London 1960 





e@ Cathode ray tube memory of the hizh 
speed electronic computer of the USSR 
4cademy of Science by V. N. Laut and 
L. A. Lyubovich Pergamon Press, London 
1960 90 pp Price 35s 

* 25 


e Instrumentation in scientific research: 
electrical input transducers by K. S. Lion 
McGraw-Hill, New York and London, 1959 
324 pp Price 74s 

*% 266 


@ Progress in metallurgical technology Re- 
fresher lectures at the Institution of Metal- 
lurgists [liffe, London 1960 147 pp Price 
32s 6d 

* 267 


@ Plasma physics and. the problem of con- 
trolled thermonuclear reactions, Vol 2 
(Translated from the Russian) Pergamon 
Press, London 1960 457 pp Price £8 

* 268 





* For further information on any item, circle 


the appropriate number on the reply card facing 
page 150. 

















NEW BOOKS 


on Atomic and Nuclear Physics 


(General, Advanced and 
Applied) Supplied from 
stock. Foreign books not 
in stock obtained to order. 
Catalogues on request. 


SECOND-HAND 
BOOKS 


A constantly changing large 
stock of Scientific and Tech- 
nical Literature on view, 
classified under subjects. 





LENDING LIBRARY 
Technical and Scientific 


Annual Subscription from 
£1 .17.6. Bi-monthly list 
of New Books and New 
Editions sent post free to 





all subscribers on request. | 
Prospectus post free on 
application. 





H. K. LEWIS & CO. LTD 
136 Gower St. W.C.1. EUS 4282 | 
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SESE Syttione: 


WHERE WOULD — 


i! 


RUN THE PYLONS ? 


They still live by lamp-light up in the hills. Soon, 
a new transmission line will thread its way along the 
valley, bringing the people up on the hill the electricity 
they’ve been wanting. 

Pylons down here will mean a better life up there. But 
how will the people of the valley feel about the pylons? 
{nd the people who visit the valley? 

The Central Electricity Generating Board are just 
as concerned about this as they are about bringing in 
the power. For the nation has charged the Board 
with a double duty. Not only to maintain an efficient, 
economical electricity supply, but also to preserve the 
amenities of the country as they go. 


NUCLEAR POWER December 1960 


Often, these duties conflict. Again and again problems 
arise which seem impossible to solve. But always, they 
seek to achieve a balance. A balance between the need to 
answer demands for more power and the need to preserve 
the beauty, the intangible values, of a landscape, a village, 
the still unspoilt approaches to a town. 


@ These advertisements are appearing in the farming and 
country magazines. The Central Electricity Generating 
Board thank contractors for their co-operation in the past, 
and know that they will do all they can, while engaged on 
work for the Board, to preserve amenities. 


THE CENTRAL ELECTRICITY GENERATING BOARD 








fake NEWIRERM 


Test its STRENGTH 

NEWTHERM is unusually strong and 
rigid—a feature of special importance 
in the larger, more vulnerable sections. 
Put a sample section or slab on part of 


@e 


: 


: 
| 
4 





Test its EASE OF APPLICATION 


Undoubtedly, NEWTHERM is one of the easiest of 
materials toapply. It is supplied in plastic form and ina 
wide range of standard-sized sections and slabs, smoothly 
finished and straight edged for immediate fitting. The 


finished job is very neat, with minimum joints, and 
appliers particularly appreciate the handleability of the 


your plant and prove for yourself its 
outstanding ability to withstand impact 
and water damage. See how it with- material — especially in difficult situations. 
stands rough handling in transit and 
erection, minimising breakage in ship- 
ment and erection by unskilled labour 
at the most remote sites. 


READ ALL ABOUT NEWTHERM 


in a specially prepared booklet. Sizes, 
compressive strength, thermal conduc- 
tivity,—this and much more useful 


Test its MOISTURE RESISTANCE 
Even totally immersed in water, 
NEWTHERM retains much of its 
strength and rigidity. It does not become 
deformed when incontact with water, thus 


information can be on file if you write 
jor your copy now, to the sole manu- 





facturers Newalls Insulation Co. Ltd. 


work-in-progress need not be covered. 
Especially on contracts where weather 
conditions would delay the application 
of insulation— NEWTHERM is the 
material to use. 


Test its LIGHTNESS 

Unusually light for such a high- 
efficiency material, NEWTHERM 
compares favourably in this respect 
with other insulants far inferior in 
strength. That meanseasier handling and 
fewer breakages—even thelargestsection 


is easily carried in one hand. 





NEWALLS (Reg’d Brand) 


NEWTHERM calcium silicate incutation 


. . - for temperatures up to |400°F. 











NEWALLS INSULATION CO. LTD. 


Head Office: WASHINGTON, CO. DURHAM, ENGLAND. 
A member of the TURNER & NEWALL ORGANISATION 

Offices & Depots at; LONDON, GLASGOW, MANCHESTER, NEWCASTLE 

UPON TYNE, BIRMINGHAM, BELFAST, DUBLIN, BRISTOL & CARDIFF. 


Agents and Vendors in most markets abroad 
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Pioneers in the design 


and manufacture of Multi-range AVO instruments are in the 


service of B.O.A.C. 


Testing Instruments since 1923 
throughout the world 


D.C. Amplifiers 

Radiation Monitors 

Valve Voltmeters 
Multi-range Testmeters 
Valve Testers 

and other electronic 

and nucleonic instruments 


AXNYO 11D 


* 
AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.I 


f 
Telephone: ViCtoria 3404 (12 lines) Cables: Avocet, Sowest, London os 


A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES 
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TO DESIGNERS, PROTOTYPE & MAINTENANCE ENGINEERS 


A24G. br Service 


ELECTRONIC COMPONENTS 


We produce a comprehensive range of high-quality 
Electronic Components. Consult our 
catalogue for your requirements. Our “By Return” Service 
will ensure immediate despatch of your orders. 


Radiospares Ltd. 


4-8 MAPLE STREET - LONDON - W.I - ENGLAND 


— 
R S Telephone: EUSton 7232-9 


Telegrams: RADOSPERES, WESDO, LONDON. Cables: RADOSPERES, LONDON 
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HEATING UNIT for a 
HIGH TEMPERATURE 


VACUUM FURNACE with a 
Tungsten Rod Heating Element 
mounted on the Inner Molybdenum 

Radiation Screen 

















For temperatures up to 1,700° C. 









MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM - ESSEX - Telephone: Rainham, Essex 3322 

Telex : 28632 Telegrams : Murex, Rainham-Dagenham Telex 

London Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.I EUSton 8265 
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; The AGR 19 Fuel Element Cluster 
CO) circulator, here illustrated, provides 
66 p L A | Ad A | a 55 for reliable and efficient cooling of nuclear 
reactors. The blower, with its 11,500 
r.p.m. motor (200V 400 c/s supply), is 
sealed within a long pressure vessel at the 
opposite end to which the nuclear reaction 
G AS C { R C U L AT | O fh occurs. CO, circulates through the tube 
at 285 p.s.i. A and 95°C. The blower 
output is 6300 lb./hour at 7.5 p.s.i. 
pressure differential. A secondary radial 
R LOW t RS +O ke impeller gives a cooling gas circuit via a 
demineralised water heat exchanger coil 
which keeps the motor operating at below 
75°C. 
N UC LE A 2 P ROJ ECTS This is but one of several gas circulating 
blowers which Plannair have designed for 
various nuclear projects, These include a 
Leaky Cartridge Test Rig Air-Blower, a 
Sodium Loop-Nitrogen Circulator, a 
Helium Circulator, Air Circulators and a 
Nitrogen Circulator for R.3 Adam, CO, 
circulator for Fuel Element Cluster 


Irradiation Test Rig, Burst Fuel Element 
Test Rig Air-Blower. 

























Ambient pressures in which these circula- 
tors are designed to work range from 
normal atmospheric to 300 p.s.i. at 
temperatures up to 350°C. Pressure rises 
through circulators extend up to 30 p.s.i. 
and mass flows through units cover a 
range up to 8000 lb./hour. 


Circulators are usually of the high speed 
motor driven type with specially designed 
impellers, motors being gas and liquid 
cooled. 


Zero leakage is an important feature of 
+ these designs. 


Further details available on request. 


PLANNAIR LIMITED 
Ww Windfield House - Epsom Road 
Leatherhead - Surrey 

KN Tel: Leatherhead 4091/3, 2231 


@ PLA39 
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the Stamp of experience which is on all Atomic Energy Equipment manufactured by 
Graviner. We can make almost anything in this rather new sphere of activity, whether it be a lead- 


filled shielded container, a Thulium storage magazine, a magnet for neutron beam focusing or a 20 





ton mobile cell unit with viewing windows and handling equipment. We specialise too, in the 
machining of graphite. Indeed, with the recent addition of 12,500 square feet of factory space 
we can deal with anything from the making of a tiny graphite spring 

to a Reflector for a Reactor —all under controlled clean conditions. 

If therefore you have a Development or Production problem, our Nucle r 

Energy Division will be very pleased to help you. Won't you pay a visit to 


the Gosport Factory and see what we can do? 












Contractors to The Atomic Energy Authority 
Uy 4 


FAREHAM ROAD - GOSPORT - HANTS - Telephone Fareham 2511 


Also specialists in Airborne, Diesel Engine and Industrial Fire and Explosion Protection, Thermostats ard Overheat Switches 


CATHODIC 
PROTECTION? 


) WELDING 
INSPECTION? 















Get the facts from 


=  (MAPEL 


FINISHING 
EXHIBITION 


nov» 
$1960 cic: 


ournnia World-Wide Service 











METAL AND PIPELINE ENDURANCE LTD., 
London Road, Woolmer Green, Herts. 
Tel: Knebworth 3083. Grams: Metaldure, Knebworth. 








Other offices at London, Newcastle-upon-Tyne and Glasgow. 
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IMPAX 


Regd. Trade Mark No. 719,268 








OR SHAFTS ROTATING A 
HIGH SPEEDS COUPLED WITH 
HIGH FLUID TEMPERATURES 

AND PRESSURES 


illustrated is a sectional view of 


a C.B.A. type seal with contact ring 


Catalogue supplied on request 


CHARLES WESTON & CO. LTD. 


IRWELL BANK WORKS, DOUGLAS GREEN, PENDLETON, SALFORD 6 
TELEPHONE: PENDLETON 2857, TELEX: 66-255 


= Tidesllal: lal laste Saellal:liolali-r to] >) Wolalololalm alolioleidamer BE | Telex 2.2682 
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AN EXTRA-SENSITIVE PHOSPHOR 


Crystal-with-Photomultiplier 





100 
i PSs Be Oe See Sel 8 es eS { bt The thallium-activated sodium iodide 
i ri crystal is mounted direct on a photo- 
! t- = : i multiplier. 
; i Bese as | HIGH RESOLUTION 
tt Vw eR pe db et Peak-to-valley ratio of 4:1 with a 
} | i Cobalt-60 source. 

bo hia 

} Lem ak Wap 0 Sas ee 8 | LOW BACKGROUND 
7 \ Ss Background radiation is due entirely 
o Piste OER > to Potassium-40, and does not 
{ Fe wae 8 exceed 8 counts per second. 
+-- i 
} 


4  PHOTOMULTIPLIER 
| PROTECTION 
} The photomultiplier is never exposed 
bp £4 rt to direct light, and so its efficiency is 
' om Wes Sm Sas ee preserved. 
j | i | Bees 3-inch assemblies and 1-inch counting 
4 a Sa ota Sk ah a SNR CA eh probes. Catalogue CJ 39/c55 for 
aS Bh ES a NS TE details. 





HILGER & WATTS LIMITED 98 ST PANCRAS WAY « LONDON NW1 ° Te/ GULliver 5636 











Ruggedly built, but still 

mobile, the Muller Macrotank H 
is specially developed for 

on-site radiographic examination 
in heavy industry, ship and 
bridge building, nuclear power 


p r i Vv ate and refinery construction — 


wherever complete and accurate 


<a weld examination is essential. 
7 The small focus (2.3 mm.) of 
ae the Macrotank H gives really 
f 0 r sharp definition, with a 
penetration of up to 2}” of steel 
. with Pb screens in reasonable 
ind ustry exposure time. It is low in cost, 
reliable in use, and backed by 
full service facilities which may 
be on contract if desired. We 
shall be glad to send you 
full details. 


The Macrotank H is a product 
of C. H. F. Muller, Hamburg. 





Sole Distributors in U.K. 


RESEARCH AND CONTROL INSTRUMENTS LIMITED 


Instrument House, 207, King’s Cross Road, London, W.C.1. TERminus 2877 =. 


(RCL@410A) 
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LIMITED 


Q°V'F LIMITED The Chemical Engineers in Glass 


DUKE STREET - FENTON - STOKE-ON-TRENT - STAFFORDSHIRE 
TEL: LONGTON « STAFFS 32104-8 GRAMS: QVF « STOKE-ON-TRENT, TELEX 
MI «$= TTC TT Se TTR 
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These flow indicators (Type 715 series) are 
versatile units, simple to install and occupying 
the minimum of panel space, with no awkward 
front of panel projections. 


Front view. 
Common to 
all models. 





New flush mounting purge meters 


—packaged units with pressure regulators 

@ One hole fixing @ No projections in front of panel 
@ Needle valve operation by coin slot 

@ Coin slot discourages unauthorised adjustment 

@ Self contained units reduce installation costs 

@ Can be spaced as close as 4” centres 


The series consists of four instruments 


Type 715 A... . Simple indicator 
715 B ..... Indicator with needle valve 
715 C ..... Indicator, needle valve, and simple pressure regulator 
715 D.... Indicator, needle valve, and differential pressure regulator 


AOTAMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 





= Leaflet N.P. 2021/34 is free on request 
Type 715D Back view. 


ROTAMETER MANUFACTURING CO. LTD. * 330 PURLEY WAY ~- CROYDON - SURREY ~- Tel: CRO 3816 ~- Telex: 24292 
GD320/24 











POSITIVELY SEALED 
GLANDLESS VALVES 


Suitable for a wide variety of liquids and gases. 
Toxic—Radioactive—Corrosive or Explosive. 


ROBUST & COMPACT 
POSITIVE METALLIC BELLOWS 
SEALING 

EASY CONTROL 
MINIMUM OPERATING EFFORT 
FORGED LEAKPROOF BODIES 
HARD FACED POPPET OR 

DISC INSERTS 
Palatine design and supply a wide variety of Valves to 


U.K.A.E.A. at Capenhurst, Aldermaston, Harwell, etc. and 
to the Chemical and Petroleum Industries. 


REMOTE CONTROL VALVES OPERATED BY AIR 
DIAPHRAGM OR PNEUMATIC MOTORS—ELECTRIC 
ACTUATORS—VERY COMPACT HIGH TEMPERATURE 
—VACUUM—LIQUID VALVES. PORTING AND STUBS 
TO CUSTOMER’S REQUIREMENTS. 


PALATINE °OMitss” 
64/76 BRIGHTON ROAD - SURBITON - SURREY 
TELEPHONE ELMBRIDGE 7261-3 
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The integrity of a can is vital in many fields, but in 


none more so than nuclear engineering. The present 
generation of nuclear power stations will make extensive 
use of canning materials developed and produced by MEL. 


They will help to ensure the safety and maintain the 
economic performance of this vital new source of energy. 


MEL have also developed techniques for the separation of 
zirconium and hafnium and for the production of vanadium 

and can supply: 

Zirconium compounds with a hafnium content down to 100 p.p.m. 
Hafnium compounds with a zirconium content of 2% 

High Purity Vanadium Metal 


WET Magnesium Elektron Limited 


Clifton Junction Manchester Swinton 2511 
London Office: 5CharlesII Street St. James’s SW1 Trafalgar 1646 
Magnesium Elektron, Inc., New York 20, USA 
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OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.:n. 

















In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The @) 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries, 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 








INustraced is the cwin cylinder model 
having a free air delivery of 50 c.f.m. 


WILLIAMS & JAMES encineers) LIMITED 
GLOUCESTER - ENGLAND 


TELEPHONE: GLOUCESTER 24021-2-3 - TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER 





| ready made... 


A typical King Dick 
$ Square Drive Socket 
Set 





or made to measure 


The large illustration shows a specially selected range of 
standard King Dick Hand Tools made up into a com- 
plete transportable cabinet for one of the largest electrical 
groups in the world. 
For general purposes King Dick offer the most compre- 
hensive range of Hand Tools made up into boxed kits to 
suit all branches of industry. 


Send for fully illustrated catalogue now ! 


KING DICK 


HAND TOOLS 
Special Generator 


ABINGDON KING DICK LIMITED ABINGDON WORKS KINGS ROAD TYSELEY BIRMINGHAM |i ENGLAND Service Kit supplied by 
Abingdon King Dick Ltd. 





140 Circle No 90 on reply card for further details NUCLEAR POWER December 1960 






















Over a Ton 





and 

- inium All 

: of Aluminium Alloy 

A 

. spun to 

CS. 

lO ft. ifd x Le 
ft. i/d x 18 

One of a number produced for 
pressure vessels to hold liquid air, 
this 10 ft. aluminium end was spun 
by Harveys on the Rotarpress. The 


12 ft. flat discs needed for spinning 
these ends, which are believed to 
be the largest spun aluminium 
ends produced in this country, 
were formed by butt-welding two 


plates of aluminium alloy together. 












pete. 
The Rotarpress is one of the large-capacity units in 
Harveys Heavy Fabrication Department. It produces 
ends up to 15 ft. diameter and is adaptable over a wide 
range of knuckle radii and depths. 

The contours of semi-ellipsoidal ends produced by the 
spinning process enable plate thickness to be reduced, 
and in most cases tool costs are eliminated. Enquiries 
are invited for ends only or for complete 
FABRICATION OF PRESSURE VESSELS. 
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HARVEY 


G. A. HARVEY & CO. (LONDON) LTD. 
Woolwich Road, London, S.E.7. GREenwich 3232 (22 lines) 


Other Harvey facilities: FABRICATIONS UP TO 120 TONS IN ONE 
PIECE - HEAVY MACHINING AND FITTING - HEAT TREATMENT AND 
RADIOGRAPHY * STEEL PLATE AND SHEET METALWORK * PERFORATED 
METALS - WOVEN WIRE * WIREWORK HFI7 
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high vacuum equipment 


WRITE NOW FOR THE 


The newest re-issue of the N.G.N. 
Catalogue illustrates and describes a 
whole range of equipment especially 
designed and manufactured for the 
High Vacuum Industry....and which is 
already approved and used by leading 
high-vacuum engineers all over the 
world. N.G.N.’s special, highly-expert 


ROTARY PISTON PUMPS 
DIFFUSION PUMPS 

BAFFLE VALVES 

LOW TEMPERATURE TRAPS 
COMBINED PUMPING UNITS 
HAND OPERATED VALVES 
ELECTRO MAGNETIC VALVES 
COUPLINGS & UNIONS 
VACUUM MEASURING EQUIPMENT 
NYGON SEAL MATERIAL 


TRADE’S MOST HELPFUL CATALOGUE 


design combined with their new manu- 
facturing techniques result in a range of 
components and equipment which are 
unique in their efficiency, adaptability 
and convenience. 


Write NOW for the new N.G.N. 
Catalogue No. 881/20. 






N.G.N. 
ELECTRICAL 
LIMITED 


AVENUE PARADE, 
ACCRINGTON, LANCS. 
Telephone: Accrington 35611-2 





C. G. CARLISLE & CO. LTD. iowa works, renistone roap, SHEFFIELD. 


SPECIAL 


FOR THIS MODERN AGE 


ARE OUR BUSINESS 








© STAINLESS STEELS 


@ HEAT RESISTING 
STEELS 


@® VALVE STEELS 


@ HIGH SPEED STEELS 
@ TOOL & DIE STEELS. 


Telephone : 34879! 
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WATER 


is still in the foreground... 


However revolutionary the methods of 
producing power may become, water is still 
all-important ; and the need to give complete and 
lasting internal protection to water tanks 


in modern plants remains paramount. 


With a reputation consolidated over 30 years 
of successful use 

BITOTES Solution and Enamel 

prevents interior corrosion of all 

steel and concrete water containers and 
conduits. BITOTES cannot crack or peel 

and is tasteless and odourless when dry. 

It is fully approved for Fresh Water, Drinking 
Water, Demineralised Water, etc. 


May we send you details 


BITULAC LIMITED 


(PAINTS DIVISION) 


Collingwood Buildings, Newcastle upon Tyne, |. 
London Office: 189/190 Temple Chambers, 
Temple Avenue, London, E.C.4 
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Both! One used in conjunction with the other! - 
That’s been our business for a long time and 
we've built up a vast stock of experience 

and know-how in the process! 

Every Heather Air Filter uses a finely 
graded screen of intermingling hair to trap 
dust particles and impurities from the 
incoming air-stream. And, what’s most 
important, this unique, low-cost filter 
system does not need special cleaning 
equipment, fluids, replacement pads or 
fabrics. So why waste money on expendable 
filter elements and replacements when a 
Heather Filter can be cleaned for further use 
simply by shaking, washing or suction 
cleaning? 

If you want full details write for our new 
catalogue No. 43. 


r - 


Here is a Heather Multi- 





Brush Air Filter But do you 
also know about our range of 
money-saving Satomair 
Humidifiers? Send for our new 


cata ogue and we'll forward 


details of these as well. 
_- 4 


6 
PUTA BS LINED 


7 KENDALL PLACE - 
LONDON - W.1. 











BAKER STREET 
HUNTER 1801 
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This large Telescope manufactured by the Sir 
Howard Grubb Parsons Company, is for the 
Okayama Astrophysical Observatory which is <« 
branch of the Japanese Tokyo Astronomica 


Observatory, and will be one of the largest eve: 
to be erected in Asia. 

The main optical component, a parabolic glass 
mirror, collects light from distant stars and 


LT) NEW 74. INCH iit tiitapeiiac firme eet 
OF, a 















about 11 tons and is 74 inches in diameter. 


R E FL ECTI N G Fifty tons of complex mechanisms can be put intc 


“s “” — by — Le pew —s "4 a the 
e elescope with such precision that a star image 
f 3? TELESCOPE of no more than one thousandth of an inch is 
: Y produced, and then held steady on the photo- 
graphic plate to less than one thousandth of an 
inch for some hours. This is equivalent to a 
pointing accuracy of an orange 20 miles away. 


HOFFMANN BEARINGS 
AND 300 HOFFMANN STEEL BALLS 
CONTRIBUTE TO THIS ACCURACY 


The Hoffmann Manu- 
facturing Company 
have supplied the 
main Polar Axis 
bearings and many 
smaller bearings on 
other moving parts of 
the Telescope. The 
diversity of these 
applications amply 
justifies our claim 
for the suitability, 
efficiency and depend- 
ability of Hoffmann 
bearings. 





os 


5 al MANUFACTURERS OF PRECISION BALL AND ROLLER 
THE HOFFMANN MANUFACTURING CO. LTD., Chelmsford, Essex ow BEARINGS WITH A LONG STANDING TRADITION OF 
nennerws men cepa nena QUALITY. EST 1898 





EVEN 


rolled 
steel rings 


IN CARBON AND ALLOY STEELS 
PLAIN RECTANGULAR AND SPECIAL SECTIONS 





JOHN BAKER & BESSEMER LTD 


KILNHURST STEEL WORKS 
G.P.O. BOX. NO. 3, ROTHERHAM 

TELEPHONE: MEXBORO’ 2154/7 & 3793 
TELEGRAMS: TYRES MEXBORO" 


LONDON OFFICE: 
LOCOMOTIVE HOUSE, BUCKINGHAM GATE S.W.1. 
TELEPHONE: VICTORIA 5278/9 





Leaflet giving full details 

of manufacturing capacity 

available on request 
P3822 
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Complete flexibility in panel design is made 
possible by the Weston range of “miniatures” 
which includes round, rectangular and edgewise 
models. Round models are housed in cases of 
2”, 2)” and 34” diameter . . . or, to harmonise 
with rectangular panels, the rectangular type is 
available, giving an increase in scale length of 
approximately 50°, over the equivalent round 
models. Horizontal edgewise instruments are 
available with scale lengths of 2}” and 3}’. 
Moving iron, moving coil, a.c. rectifier and 


the accepted Weston qualities of accuracy and 
reliability. 

Full particulars are to be found in leaflets— 
Lists Nos. Wl, W2, W3 and W4, copies of 
which are available on request. é 


¥ 





Wolverhampton 21912 - Nottingham 





PANEL 


S 2) 


VOLTS AC. 
vo.rs oc 
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INSTRUMENTS 





SANGAMO WESTON LTD -« ENFIELD « MIDDLESEX 
Tel: ENField 3434 (6 lines) & 1242 (6 lines). Grams: Sanwest, Enfield. 


Scottish Factory : Port Glasgow, Renfrewshire, Port Glasgow 41151 - Branches : 
Manchester, Central 7904 - Newcastle-upon-Tyne, Newcastle 26867 - Leeds, Leeds 30867 - Liverpool, Central 0230 - Wolverhampton, 
, Nottingham 42403 - Bristol, Bristol 21781 - Southampton, So’ton 23328 


London, CHAncery 4971 - Glasgow, Central 6208 


Sw/68 














Thermal 
REFRACTORY 
CEMENTS AND 
POWDERS 


We also manufacture an extensive range 
of Vitreosil Industrial Ware 


9 BERKELEY STREET, W.1. 








he 


Thermal Fused Alumina and Fused Magnesia 
Refractory and Insulating Cements are very 
simple to apply; water is the only additive 
necessary for mixing before application. 

For base metal windings our C60 cement 
is ideal; for platinum windings our CC60 
cement should be used. Molybdenum windings 
necessitate a silica-free cement, and our No. 101 
cement is specially prepared for this purpose. 


Details of these special high temperature cements, and 
also of Thermal Fused Alumina and Fused Magnesia 
Powders will gladly be supplied on request. 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, Wallsend, Northumberland. Telephone: Wallsend 62-3242/3 


LONDON OFFICE: 
TELEPHONE: HYDE PARK 1711/2 


\ 
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Specialists in Aluminium Alloy Plate and 


Structural Fabrications of all descriptions 


Heat Exchangers 

Pressure Vessels 
Structural Aluminium of 
all descriptions 

Smooth bore pipes and 
fittings up to 24" diameter 


Your enquiries would receive 
our immediate attention 


Illustrated is an 8” and 12” Bore Pipe installation 
fabricated for the Ministry of Supply 


One of the first users of the Argon Arc welding E > i. + PAYTER 


process in the country, we again lead in the installa- 


tion of the Sigmette Fine Wire welding equipment & CO é LIMITED 


which opens a new field in the welding of Aluminium 


and its alloys, Non-Ferrous metals and Stainless Steels MEETING ST., GREAT BRIDGE, 
TIPTON, STAFFS. Tel.: TIPTON 2121 























Where 
only the pure 


may AG 
enter ‘t 
[ey a7 


Where purity is not related to mortality, but 
to the removal of adulteration from a sub- 4 
stance, Aerox Porous Ceramic Materials I; - 

/, 




















and Filter Units are the guardians supreme. 
Removal of solids from fluids ; oil or mois- 
ture from air lines, and particles from gases 
are operations dealt with effectively by 
Aerox Filters. Aerox Ceramics have many 
other applications. 

Please write for full information. 


ye AE _) INDUSTRIAL POROUS 
at see, CERAMICS 





un | sy, LEADERS IN A SPECIALISED FIELD 


AEROX LIMITED 


Ceramic Works, Hillington, Glasgow, $.W.2 
Telephone : HALfway 4615/6 


Engineering Works : Chalford, Stroud, Gloucester 
Telephone : Briscombe 3085/6 
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HYDRAULIC 
PLATE CURVING PRESS 


The press is made with dies varying from 3’ to 8’ long, 
but it will progressively curve plate edges of any length 
prior to rolling. The frame is of all welded steel construc- 
tion and has two or more upstroking rams and cylinders. 
These presses can be made to work from an existing 
hydraulic supply or supplied with electrically driven 
self-contained pumps. 





We also manufacture: 
High Pressure Hydraulic Plant for Shipyards, 
and Railway Workshops, Plate Bending Rolls, 
Punching and Shearing Machines, Continuous 
Finishing Presses for Silks and Rayons, Veneer 
and Plywood Presses, Cotton Baling Presses, 
Die Spotting Presses, Pumps, Accumulators, 
Valves and Intensifiers. 


HENRY BERRY & CO. LTD. 
CROYDON WORKS, LEEDS 10¢ 


TEL: LEEDS 75481-2 GRAMS: “ RIVETTER LEEDS 10” 




















for shot blasting tubes of any size = 


VACUW-BiLAST liam 





surface of tubes of practically any shape or size. 


& 


cl 


We invite you to submit sample tubes so that 
we may demonstrate the method and advise 
on plant accessories to suit your requirement 


VACU-BLAST LIMITED, BATH ROAD, SLOUGH, BUCKS. ENGLAND. 


TELEPHONE : SLOUGH 24507 9 
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BOLTON Patent Shutter Doors 


Custom built to your requirements 


Available with continuous glazing, 

as shown on right, Bolton Shutter Doors 
readily accommodate all special 
requirements from railway track clearance, 
as shown below, to overhead cables 

and runway beams. May we send you our 
latest catalogue, reference NP 346? 























f 








TOA CIE TheBlGrminders BOLTON . LANCASHIRE 


Branches in London, Glasgow, Birmingham and towns throughout the country 


The eyes of the World... 








Gp BG346 





are on (K) FLANGES 








The only flanges to be awarded a silver and 


bronze medal at the World’s Fair, Brussels 
KIRK'S other products included in the award are Malleable Fittings, Fabricated 
Pipework, Welding Fittings, Welded and Seamless Steel Tubes and Fittings, 

Malleable Iron Castings, Drop 


: Forgings, Valves. In Steel and 
D { Stainless Steel, 
FEUER IE Goatees 


74/82 PARADISE ST LONDON S.E.16 BERMONDSEY 3156/7/8 
and at MANCHESTER WALSALL PONTYCLUN 





SPECIFY BUY AND USE 
THE WORLD'S BEST 
FLANGES FROM™M 
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HEAVY 
ALLOY 


supplied in densities 
16.8,17.0,17.5,18.0 $/CC (nominal) 


@ for screen.ng purposes 
@ for balance weights 








Broad beam absorption of Gamma-radiation 
from COBALT-60. Density: 16-8 g/cc. and 
18-0 g/cc. 











THE GENERAL ELECTRIC CO. LTD., Component Sales Dept., 
Osram Metals, East Lane, Wembley, Middlesex. Arnold 4321 





above piece of G.E.C. Heavy Alloy was made for the 
ited Kingdom Atomic Energy Authority. It weighs 660 Ib. 


|} ag 


penne ce 


the MARK II “GL” 


High Pressure Valve 


CORROSION RESISTING STEEL DOOR e 
P.T.F.E. ‘FLUON’ SEATING RINGS @ 

SIMPLE AND ROBUST IN CONSTRUCTION ® 
POSITIVE IN OPERATION @ 

NO WEDGES OR SPRINGS @ 


UNI Ad UW o— WW 


sg 


SPINDLE STUFFING BOX FITTEDWITH® 

GZ CHEVRON PACKING Z 
Zi; STANDARD TEST PRESSURE 100 p.s.i.g @ G 
RAISED FACE FLANGES SUPPLIED BLANK OR Z 


WW 


DRILLED TO B.S.10 TABLES ‘A’ TO ‘E’ INCLUSIVE 4 
INTERNAL SCREW WITH OR WITHOUT INDICATOR ® 


SIZES 2” TO 24” BORE 
VERTICAL OR HORIZONTAL 


THE BRYAN DONKIN COMPANY LTD. 
CHESTERFIELD TEL: 3153 - LONDON TEL: ABBEY 1096 


WMAAMMW Wo" 


SS 


PPE CLLEELELLEL_ EEE 
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Co-hye. 


TO EXPENSIVE TIME WASTING 


CABLE TROUGHS 


Traditional cable forming methods are costly. Eliminate this 
unnecessary expense by using Datum Cable Troughs. Made of 
20 s.w.g. aluminium, these Troughs are manufactured in 6 ft. 
lengths and are available in two widths—}” and 1}”. They are sup- 


plied in cartons of twelve lengths complete with P.V.C. saddles. 


NT RACKS - CASES A_member_of 
AND CHASSIS UNITS 





UM METAL PRODUCTS LTD. if 


COLNE WAY TRADING ESTATE - WATFORD BY-PASS - WATFORD - HERTS 
Telephone: Watford 2235! Telegrams: ‘Datum Watford’ 


SPECIFY 


POROSINT 


SINTERED METAL 


FILTERS 


POROSINT filters are equally effective for filtering, 
defusing, or controlling the flow of liquids, air, or 
gasses. POROSINT offers your design department 
the utmost freedom in selecting the shape and 
size to conform with production requirements, 
and is essential when controlling porosity together 
with high mechanical strength is required. 


Enquiries to :— 


SINTERED PRODUCTS LTD. 


(One of the Sheepbridge Engineering Group) 


Sutton-in-Ashfield, Notts., England. 
Tel: Sutton-in-Ashfield 590. Grams : Sintered, Sutton-in-Ashfield. 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
de ses produits. Dans le cas ow 
vous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére @ NUCLEAR POWER 


AUSKUNFTSDIENST 
LESER 

Es ist oft schwierig fur Inserenten 
alle technischen 


FUR 


Einzelheiten 
aber thre Produkte in einem 
Platz zu bringen. 
Sollten Sie noch weitere Aus- 
kinfte witnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER 

SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolta difficile 
zionista di indicare in uno 


begrenzten 


all’ inser- 


spazio ristretto tuttt + particolars 
dei suoi prodotti, Qualora de- 


siderasie ricevere pits ampie 
informazioni a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qus 
accanto ed inviare quest’ultimo a 


NUCLEAR POWER 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en wun 
espacio limitado todos los detalles 
técnicos sobre sus productos. St 
desea ulterior informacién, 
marque los ntimeros apropiados 
en la tarjeta opuesta y mdndelaa 
NUCLEAR POWER 
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If you would like further information about any adver- 
tisement or editorial item, simply circle the appropriate 
numbers on this card and mail to NUCLEAR POWER. 
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If you would like further information about any adver- 
tisement or editorial item, simply circle the appropriate 
numbers on this card and mail to NUCLEAR POWER. 
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If you would like further information about any adver- 
tisement or editorial item, simply circle the appropriate 
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FLAMEPROOF PRESSURE SWITCH 


Designed to meet the requirements of BSS 299 for opera- 
tion in hazardous atmospheres, and incorporates a stain- 
less steel pressure element. Fully approved by the Ministry 
of Fuel and Power for Group |, also 2 and 3 gases. 


Pressure ranges for Type SP-1027 from 0-20 p.s.i. to 
maximum 300 p.s.i. Other Buxton Certified Flameproof 
Pressure Switches available for ranges 30” w.g. to 5,000 
p.s.i. and 0-30” Hg. vacuum. 


FULL DETAILS AND SPECIFICATIONS OF THE COMPLETE K.D.G. RANGE ARE READILY AVAILABLE FROM: 


4 “ CRAWLEY a 

K.D.G. INSTRUMENTS LTD 3.52380 | ‘i ib 
MANOR ROYAL - CRAWLEY « SUSSEX TEL.: CRAWLEY 25151 y ‘| 
LONDON SHOWROOMS, SERVICE AND SALES: 100 FLEET STREET, LONDON, E.C.4. — Telephone: FLEet 5354/5 \‘«**ONOON ,'/ 





For AIR 
CO 


and other 
Gases and 
Liquids 








The illustration shows a recent batch of ‘B-W’ 65 KW 
electrically-heated units with their associated Control Panels. 
These Gas and Air Flowline Heaters are representative of the 
wide range of Barlow-Whitney custom-built process equip- 
ment supplied to the Nuclear and Chemical industries and 
heated by electricity, gas or other fuels. 


WRITE FOR FURTHER DETAILS QUOTING 
REFERENCE C1060 





BARLOW-WHITNEY LTD., 2 DORSET SQUARE, LONDON, N.W.I. Tel: AMBassador 5485 Works: LONDON & BLETCHLEY 
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or all applications in 
Nuclear Power plants... 


. . « continue to fit 


FREMO STAINLESS STEEL 


bolts, nuts, screws 
and other fasteners 
with corrosion, 

contamination and 


heat resistant 


properties. 








EREO 


TRADE MARK 


FREDERICK MOUNTFORD 
(BIRMINGHAM) LIMITED 
Fremo Works, Moseley St., 


Tel. MiDland 7984 PBX 
Grams ‘FREMO’ Birmingham 


Birmingham, 5 
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e 
Cbip MECHANICALLY LOCKED No. 3 Type 


|e OPEN STEEL 


FLOORING 


Ideal for factories, 
warehouses, refineries, 
gas works, fire escapes, 


t 2 
Supplied with handrails by 
and standards if desired. 

Our technical staff will be pleased to assist you 
BETTLES & SONS LTD., ARCWEL FACTORY 


STAFFORD ROAD, FORDHOUSES, WOLVERHAMPTON 
Telephone: Fordhouses 2278-9 
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ototherm 


MERCURY-IN-STEEL 
| TEMPERATURE 


INSTRUMENTS 















DIAL THERMOMETERS 
for Industrial purposes. 


DIAL THERMOMETERS 
for Diesel engine use. 


INDICATOR CONTROL 
THERMOMETERS 
with Electric Contact Head. 


MAX. or MIN. 
INDICATORS. 






TEMPERATURE 
RECORDERS 

Single or Dual Pen. 

Fixed or Portable Models. 


TEMPERATURE 
CONTROLLERS 
Indicating and Non-Indicating 


Also a full range of BI-METAL and VAPOUR PRESSURE 
Temperature Instruments. 
Write for details 


THE BRITISH ROTOTHERM CO. LTD. 
Merton Abbey, London, S.W.19. Telephone: LiBerty 7661 (6 lines) 
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The whole range of } 
Taylor, Taylor & Hobson Precision Measuring Equipment 


is providing invaluable metrology data 


TAYLOR- 


mele) 





in a variety of fundamental 





research problems connected with DRAGON and other 








a 
J 
> 
auxiliary projects at the A.E.A., Winfrith Heath, Dorset. 
Y 
IN i" 
a TAYLOR TAYLOR & HOBSON, LEICESTER, ENGLAND A Division of 
RANK PRECISION INDUSTRIES LTD 
tails oe ee ee ee 
A Radyne model C. 240 25 kW general 
purpose induction heating equipment, 
operating on 450 kC/S, is used for a 
wide variety of applications including 
brazing, soldering, hardening and temp- A Radyne model C. 400, 50 RW .medium 
———— ering, in the construction of specialised frequency generator. 
RADYNE. frum 
A Radyne model C. 400 40 kW equip- 
ERS en ment, 450 kC/S., is used in the Zero 
° Energy building for the specialised 
ERS Ind uction application of the butt brazing of 
. graphite tubes. 
ROL H-F Heating In other U.K.A.E.A. establishments, 
lead. . including Aldermaston and Harwell, 
Equipment Radyne equipment is used for such 


4 diverse operations as vacuum fusion 
assists 


analysis processes (Radyne Induction 


research in the Heating at R.F.), welding plastics in 


protective clothing manufacture etc. 


U.K.A.E.A. (Radyne Plastic Welders) ; heating and 


drying non-conducting materials 


Power Station (Radyne Pre-Heaters). 


Radyne—the largest manufacturers in 


at Winfrith, the world of specialised H-F Heating 


Equipment—are always prepared to co- 


Dorchester operate on investigations and develop- 


ment of equipment. 


RADIO HEATERS LIMITED 


WOKINGHAM, BERKS, ENGLAND 








D . TELEPHONE: WOKINGHAM 1030 (10 LINES) 
nes) CABLES: RADYNE WOKINGHAM P.5810 
—— 
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The sixth 
sense in 


electronics 


a a cmummnciailia acai 


Visual indication of faults is the 
only swift and foolproof method of 
detecting faults which may develop 
in electronic gear. We, at Page Engineering Co., have designed and perfected 
a number of visual centralised warning systems adaptable to any electrical 
and/or electronic circuit. Remember, for standardised electrical components for 
aviation and industrial use or for expert consultation on your particular 
problem, contact Page Engineering. For a copy of our catalogue, just write 





ap Oo 














* your name on your company letter-heading and send to: 
+) PAGE ENGINEERING (Sunbury-on-Thames) LTD. | 
Page Works, Forge Lane, Green St., Sunbury-on-Thames, Middlesex. 
BA A Telephone: Sunbury-on-Thames 4242 (3 lines) | 
eeu ame siete 
7 _ —— B he 
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ENDECOTTS 


Bt INTERCHANGER E: | 
TEST SIEVES 


SIEVES 
For Accura cy! 























for protection against radiation 


Jook ahead witt!n LEAD 


not forgetting, LEAD GLASS 






























‘ENDROCK’ 
TEST SIEVE 
SHAKER 








TEST SIEVES 


and Tyler Equivalents 


The technical officers of the Association are always glad 


We operate a Recovering Service to give individual assistance. 

LEAD DEVELOPMENT ASSOCIATION, 18 Adam Street, 
re London, W.C.2. 

Consistent mechanical action — Telephone: WHitehall 4175 Telegrams: Leadevep, Rand, London 


saves valuable time of skilled personnel 


ENDECOTTS (Fitters) LTD. Phone: LiBerty 8121/2/3 
Dept.A. Lombard Road, London, S.W.19. Grams: Endfilt, London 
































LDA1/60 
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MRC with 22 necdtee Pipeline strainers 
wr i a 


ge 
ip 4 a V bus 


A group of ‘‘ The Lancaster” 4” 4 - ENGINEERS, IRON AND 















and 6” Single Strainers recently BRASSFOUNDERS 
shipped to Caltex Ocean Termin- PENDLETON, MANCHESTER 6 


TEL. PENDLETON 1484-5-6 


| 
| als in the Far East. 
- | For details ask for Lists 99 & 102. © GRAMS ‘PISTONS’ MANCHESTER 


Is shaicameineeeaita 








IN THE ADVANCED GAS COOLED REACTOR 
e AT WINDSCALE 


Vacuum-melted stainless steels for thin-walled canning Jessop-Saville, working in close co-operation with the 
materials have two advantages :— 


Atomic Energy Authority, have already completed a large 
% inclusions are virtually eliminated 


order for a double vacuum-melted stainless steel, a second 


%& trace elements like cobalt, boron, and manganese, : ; F : 
e affecting neutron absorption properties, are kept at order, rather more than twice the size, is now in 
low limits production. 


: VAGUMELT STEELS FOR sorscyrts(senel oorane 
pet, 


}don _—<—<—$—$—<——_——— 








JESSOP oo SAVILLE 


A member of the B.S.A. Group 





LIMITED 
BRIGHTSIDE WORKS, SHEFFIELD 





50 NUCLEAR POWER December 1960 Circle No 121 on reply card for further details 155 








Circle No 122 on reply card for further details 





18/8 


Titanium 


(LOW COBALT) 
Stainless 
Steel 
Wire 


Stainless Steel Wire, to this 





specification, is already being 
supplied by us in ever 
increasing quantities to meet 
the specific requirements of 
Nuclear Engineers and 
Designers. We shall welcome 
your enquiries for this and 

all other types of Austenitic 


Stainless Steel Wire. 


Stainless Steel Wire 
Company Limited 


THE BARRACKS - 
SHEFFIELD 6 


Telephone No. : 


Telegrams : 


344241-2 Sheffield 
Sheffield 


Finewyre ° 





LANGSETT RD 
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TIME CLOCK CARDS 


TO FIT EVERY TYPE OF MACHINE 
EXACTLY TO YOUR REQUIREMENTS 


Our Time Cards are manufactured with 
extreme care and we guarantee them to 
work perfectly in all clocks. 


7 DAYS’ 
DELIVERY 


TOP 
QUALITY 


TROUBLE 
FREE 


You cannot do better than by dealing 
direct with the largest manufacturers in 
the country. 


We can quote for any type of Card by return: 
Send us your samples today. 


“1 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


HARLOW 


HARLOW PRINTING WORKS (NORTHERN) LTD. 


104-110 FREDERICK STREET 


SOUTH SHIELDS 
Telephone: South Shields 4286 (3 lines) 
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UNIVERSAL DIVERS LTD. 
are proud to have been associated with 
the underwater surveying and 
construction of the radioactive 
effluent outfall for the 
Atomic Energy Establishment, Winfrith 


UNIVERSAL DIVERS LTD., CENtral 


40 North John St., Liverpool, 2 4226 
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Apply ELECTROLUBE lubricants to 
all SWITCH CONTACTS and 
BEARING SURFACES of turret 
tuners, plugs and sockets, controls, 
gram motors, tape recorders, etc. 


ELECTROLUBE lubricants are a 
British discovery—a scientific pre- 
paration—not “just another switch 
cleaner”. 


ELECTROLUBE lubricants stay effec- 
tive for months. 


_ Electrolube 


BRAND 


eee LUBRICANT 


1]]T TULL aaa 


Make 


contact 
with 







ELECTROLUBE Brand No. | for light 
current applications, reduces fixed 
and relay contact resistance, stops 
audio interference, increases h.f. and 
l.f. gain by 3 db., etc. 


ELECTROLUBE Brand No. 2 for 
sparking contacts and heavier cur- 
rent duties, operates under difficult 
: conditions, reduces wear on con- 
N tactors 3 to 5 
N Meta /, oa 5 aaa Available in New 
. te, vai i 
>" No, | 22/- net trade oes 8 i sat NYLON 


No. 2 33/- net trade SNORKEL container 


crete Supplied Only Through Your Wholesaler 
hr us) Electrolube and Snorkel are Registered Trade Marks of 
=” ELECTROLUBE LTD., 16 Berkeley Street, London, W.!. 
24-hour ANSAFONE service Tel. HYDe Park 0501 (5 lines), 


Se 
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TEST SIEVES for 


accurate particle size analysis 








Complete range of all sizes of standard tests sieves conforming to 
B.S.410:1943 and to U.S, standards, A.S.T.M, Ell, readily available. 
Also special, non-standard test sieves with stainless steel frames and 
meshes or with nylon meshes. 

Frames fitted with precision woven and uniformly taut meshes. One 
piece frame and spun fillet construction eliminates crevices between 
frame and mesh where particles could lodge. Made to nest one with 
another and to present a perfectly smooth inner surface to the 
particles of material under test. 








epee or eiatone THE PASCALL ENGINEERING CO LTD 
list SV3212 GATWICK ROAD: CRAWLEY - SUSSEX | 
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Blaude flyons Pp 


COMPACT SERIES ASR & ATC ASR-1150 


Ingenious step principle. Small, 
light, inexpensive. Designed 

to provide adequate stabilisation 
for many applications, without 
distortion. 600 VA to 2-4 kVA. 
Normal or tropical finish. 


AG AUTOMATIC 


PRECISION ELECTRONIC 
SERIES BAVR 

Extremely rapid response. 
Very high accuracy of 
+0-:15%. Models for ratings 
of 200, 500, & 1000 VA. 
Normal or tropical finish. 


VOLTAGE REGULATORS 


HIGH-SPEED DISTORTIONLESS 
SERIES TCVR . 
For precision equip- 
ment, computers, etc. § 
Accuracy +0°5%. Very ] 
high correction rate of | 
40 volts/sec. Large 
range, 2:2 to 12-7 kVA 
single-phase, 6°5 to 38-2 
kVA three-phase. Cabinet or 
rack-mounting models. 
Normal or tropical finish. Can be 
made to Services’ specifications, etc. 


AND STABILISERS 


DISTORTIONLESS SERIES 

BM & BMVR 

Wide industrial and 
laboratory applications. 
Accuracy + 0°5%. Very large 
range, 1-8 to 31-2 kVA 
single-phase, 6-5 to 94 kVA 
three-phase. Many models for 
rack-mounting. Normal or 
tropical finish. Can be made 
to Services’ specifications, etc. 


200 VATO § 
GA KVA arcs 


(covers removed) 








1kVA 
BAVR-1000 


7:7 kVA 
TCVR-7000-AR 
(rack-mounting) 


> Operation of all types independent of 
wide variations in frequency. 

» Special models manufactured to custo- 
mers’ quantity requirements. 





Write for complete information. 


Dlaude Lyons Mtd, 


STABILISER DIVISION 
VALLEY WORKS -: HODDESDON - HERTS 


Tel: HODDESDON 4541-6 
CL60/34 
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All enquiries to: 





FROM THE COMMENCEMENT WE HAVE BEEN ASSOCIATED | 
WITH THE WINFRITH HEATH PROJECT AND HAVE | 
INSTALLED SOME 24 MILES OF POWER AND TELEPHONE 
CABLES 


Drums up to 8 tons in weight have been moved by us from stores to site of substations, Zero energy, 

Reactor Physics and General Purpose buildings. 

Terminations to 11 KV and L.T. switchgear etc., have necessitated over 1,000 joints and cables laid 

in concrete ways have been suitably laid or racked and those in trenches covered by protective tiles. 

Of some 24 miles of cable installed about four miles represent the total length of 3 core 0°2 sq. in. 

11 KV. P.I.L.C.S.W.A. and S or PVC and the remaining 20 miles of various types down to 2 core 
0°0145 1100 V. P.I.L.C.S.W.A. and S or PVC and various telephone cables. 


GOATER & MEDWAY LTD., 7 CARLTON PLACE, SOUTHAMPTON Phone: So’ton 28980 | 
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DECONTAMINANT 
POWDER 


A decontaminant detergent powder specifically 
designed for the removal of radioactive metal 
contamination from metallic and other hard surfaces 
and from textile materials. 


S. D. G. 3 may be used to decontaminate both large 
and small articles. It may be applied as an aqueous 
solution by either brushing or spraying or by 
immersion of the article. 


S. D. G. 3 is supplied in powder form in fibreboard 
kegs containing 56lbs. nett and is manufactured 
under licence (British Patent No. 763.547. Patent 
application No. 10212/58) for the United Kingdom 
Atomic Energy Authority by 








standard Horsfield Brothers Ltd. 
incorporating 
chemicals STANDARD CHEMICAL COMPANY 


Cheadle, Cheshire, England, 
from whom further particulars may be obtained 


Telephone: GATley 5225/6/7 
Telegrams: SOVATEX, Cheadle, Cheshire, England. 
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FELAYS 
| 





TO SPECIFICATION 
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POST OFFICE TYPE 
3,000 and 600 RELAYS 


| Specialists in tropical and Services jungle finish. 
Guaranteed to full A.I.D. and I.E.M.E. standards. 
Prompt Deliveries Prototypes within 24 hours. 
Post Office approved. All relays guaranteed made in our own works. 
P.T.F.E. insulation now availabl 


Manufacturers to H.M. Government Departments and leading Contractors 


L. E. SIMMONDS LIMITED, § BYRON ROAD, HARROW, MIDDX. 
TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 














A.1.D. 





| WATLING STREET, BLETCHLEY, BUCKS 





| Send us your 
| DESIGN — PROTOTYPE — PRODUCTION 
| We specialise in 
HIGH VACUUM — HYDRAULICS — U.K.A.E.A. CLEAN ASSEMBLY 
Fabrication and controls for 
NUCLEAR ENERGY — AVIATION — MARITIME and CIVIL PURPOSES 
SANDALL PRECISION CO. LTD. 


enquiry for A.R.B. 


Tel : 3456-8 PBX Grams : SANDALL BUCKS 














158 Circle No 131 on reply card for further details 


NUCLEAR POWER December 1960 











NU 





GQeeeereaeeeeaeaeaeeeaneneneaenenannaneneeae* 














DISPLAY ANNOUNCEMENT RATES:— 1 insertion 50/- per single col. inch 
6 insertions 47/6 per single col. inch 
12 insertions 45/- per single col. inch 
LINEAGE ANNOUNCEMENT RATES:— 
BOX Neos.:— 


COPY DATE:— 


1/- extra will be charged 


CLASSIFIED ADVERTISEMENTS 


5/+ per line. 5% discount for 6 insertions, 10% discount 12 insertions 


Advertisements for January issue to be received not later than December 12th 








SITUATIONS VACANT 





THE PROTON PHYSICS GROUP of the 
Nuclear Physics Division 
at 
ENERGY RESEARCH ESTABLISHMENT, HARWELL, 
requires an 
EXPERIMENTALIST 


for work associated with the investigation of various methods, such as 
plating and vacuum evaporation, for producing thin targets for exposure 
in the PROTON LINEAR ACCELERATOR and also to work on 
NUCLEAR DETECTORS and to participate in the experimental work 
of the group which is using the P.L.A. for studying NUCLEAR 
STRUCTURE. 

Applicants should have G.C.E. at *A’ 
and appropriate experience. 


ATOMIC 


levels, H.N.C. or equivalent 


Starting Salary in the range £1,110—£1,360 p.a. according to experience. 
Housing and contributory pension scheme. 


Send POST CARD for details to Personnel 
U.K.A.E.A., A.E.R.E., Harwell, Didcot, Berks. 


Manager (1828/202), 








THE GENERAL ELECTRIC COMPANY LIMITED 
ATOMIC ENERGY DIVISION 


Applications are invited for the following vacancies in engineering research 
and development in connection with civil nuclear power stations: 
1. For development work in Reactor Heat Transfer 
(a) Graduates in engineering required. Experience in heat transfer 
research would be an advantage but is not essential. 
(b) A research engineer is required preferably with a degree including 
aerodynamics, and with experience of experimental aerodynamics. 
Extensive laboratory facilities and a * Mercury’ digital computer are 
available. Age most favoured 21-30 years. Ref. DWB/29. 


2. For Instrument and Electrical Development Work 


(a) A man is required interested in laboratory development work and 
basic investigations into a wide variety of instruments and electrical 
equipment associated with reactor control and instrumentation. 
Qualifications would be a degree or equivalent and several years’ 
experience in this field. 

(b) A man is required to be responsible for the procurement, calibra- 
tion, maintenance and repair of all instruments in a group of 
laboratories, Qualifications required are a degree or equivalent in 
appropriate subjects and several years’ experience of a similar 
nature covering a wide range of instruments. Preference will be 
given to those with experience on electrical and electronic instru- 
ments and on instruments for the measurement of temperature and 
gas flow. Ref. DWB/30. 


Apply Personnel Manager (Ref. as above), The General Electric Company 
Limited, Erith, Kent. 


us cele). 
SERVICE 


when you need 


an expert 





SPECIAL SERVICES 





Higher Tensile Steel Chain Slings and 
special Lifting A? of every 
description D.G.I. approved 
T. SMITH & CLARKE LTD., 
Chain Manufacturers, 

Port Tennant, Swansea 


Telephone No. 53106 (4 lines) 








ASH & LACY LTD. 
PERFORATORS OF 


Steel, Aluminium, Copper, Brass, Zinc, 
Tinplate, Stainless Steel, and many other 
materials in all gauges for all industrial 
purposes. 
Meriden Street, 


Birmingham: 
Birmingham, 5. 


MIDiand 6371 








R. & J. PARK LTD 
Dominion Works, Chiswick 
England 
+ 
Export packers, shippers and for- 
warding agents. Specialists in 
packing heavy machinery 








Steel Fabrications and Welded 
Assemblies. 
Steel Moulds for Pre-cast Concrete 
Units. 

Shearing and Rolling Cap. 8 ft x 4 in. 
J. & A. DANDRIDGE LTD., 
7 Creekside, London, S.E.8. 
TiDeway 1451 























THESE COLUMNS CAN MEET YOUR NEEDS 
RING: MUS 8282 








A. W. ELLIOTT (Steeplejacks) 
& Co. Ltd. 


34 Nuthall Road, Nottingham 
Nottingham 77195 


Lightning Conductor Specialists 


Chimney Maintenance, Church Restoration, 


Industrial Painting, Decorating. 
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RESISTANCE WELDING MACHINES FOR THE NUCLEAR POWER PROGRAMME 





A Comprehensive Range of Welding Machines can be seen in our Welding 
Demonstration Workshop. Contract and Prototype Welding Undertaken. 


MERITUS (BARNET) LTD - BARNET - 








HERTS - 


BAR 2291 



































TECHNICAL TRANSLATIONS by a 


team of graduate experts, covering many 


technical fields and languages. P. Sucho- 


dolski, 
Gardens, London, N.W.2., 


F.I.L.(Eng.), 70 


MEAdway 2239. 


Greenfield 
Telephone: 





X-RADIOGRAPHY 
of welds and castings offered up to 14” 
thickness, also high vacuum test facilities. 
IMMEDIATE SERVICE 
THOS. RYDER & CO. MANCHESTER 
LTD., 


COMMERCIAL STREET WORKS, 
KNOTT MILL, MANCHESTER 15 


Central 6753 





| 


ELECTRICAL CONNECTORS 





PLUGS AND 
SOCKETS 


More than 1,000,000 in 

stock, covering over 50 

different ranges, British 
and American 


s 
Stock list on application to: 
SASCO 
Nutfield, Redhill, Surrey 


Telephone: Redhill 5050 





Specialists in the analytical and mech- 
anical testing of all metallic materials. 
Approved by D.G.I., Air Registration 
Board, Ministry of Transport, and 
Lloyds. 
ACLOQUE (Metallurgists) Ltd., 
ABBey 1481 


Test House, Garth Road, Lower Morden, 
Surrey. DERwent 6252 











THAMES VALLEY PATTERN 
WORKS LIMITED, 
ELMTREE ROAD, TEDDINGTON 
Phone: TED 1141/2 

ENGINEERS’ PATTERNS 
MODEL MAKING 
INSTRUMENT CASES 
PERSPEX MODELS & MOULDS 














PRACTITIONERS IN THE ART OF 
SCALE MODELS AND PATTERNS 
All types of scale models. 
uality — Delivery — Service 
Contractors to the U.K.A.E.A. 


s 
MASTERMODELS LTD. 
Greenhill Harrow, Middx. 

Telephone: HARrow 2428 








C. W. GARRETT & SON LTD. 


for 
ALL DRAWING OFFICE SERVICES. 
PROCESSFS, MATERIALS AND 
EQUIPMENT 


* 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 


Telephone : [SLeworth 4433 (4 lines) 








GILSTON ENGINEERING CO. 
Specialists in all applications of 
STAINLESS STEEL 
Fabrications Press Tools 
Precision and Production Engineers 


Lea Road, Waltham Abbey, Essex 
Telephone: Waltham Cross 23871 











PERSPECTIVE AND SECTION 
DRAWING 

In colour, line and monochrome 

Complete technical booklets undertaken 


HILTON AND KAY LIMITED 


phone Blackfriars 0402 
High quality Low costs 





| London, E.8. 


ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 

ALPHAMIN LTD. 
4 Dunston Street, Kingsland Road, 
Tel.: CLIssold 4161 











FIRE PROTECTION 
Consult EXTINGUERE Co. Ltd., 
suppliers of fire fighting equipment 
to Chapelcross and Hinkley Point. 

* 


88 Richmond Road, London, E.8 
CLIssold 4423/4 
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NON-DESTRUCTIVE 
TESTING 











RADIOGRAPHY 


— in your works — 
— in our laboratory 


BIX. LIMITED 





on Site 


HEAD OFFICE: BUILDING 48 
73 HIGH HOLBORN LONDON AIRPORT 
LONDON, WCI MIDDLESEX 
CHA 4183 <— CALL -- SKY 1537 








MANCHESTER OIL REFINERY (SALES) LTD 


76 Jermyn Street, London, S.W.1 
Tel : WHI 8411 


Specialists in non-destructive testing by the Electro-magnetic 
and penetrant methods. 


Supramor and Lumor magnetic inks. 

Britemor and Glomor fluorescent penetrants. 

Verimor and Verimor (Solvent Process) dye penetrants. 
Devmor (High Flash Developer). 


INSPECTION SERVICES 
LTD 
Oldfields Trading Estate 
Sutton By-Pass, Sutton, Surrey 


Non-destructive Examination 
of 
Welding Concrete, etc.. 
by X-ray, Gamma Ray 
Ultrasonic and Crack Detection 
A.I.D. APPROVED TEST HOUSE 


Telephone: Fairlands 4546 

















(Palmer 


NON-DESTRUCTIVE TEST SERVICE 

X-Ray and Gamma-Ray service (Test House and Mobile) 
Magnetic crack testing *%* Fluorescent crack testing * Ultra- 
sonic testing ¥% Pressure testing—air and hydraulic *% Low 
temperature testing * Film processing and radiological reports 
Palmer Aero Products Ltd 


AERO PRODUCTS DIVISION BTR INDUSTRIES LIMITED 
PENFOLD STREET - LONDON N.W.8 TEL: PADDINGTON 8822 





6/3121A 


MIDDLETON SHEET METAL 
Co. LTD. 


Specialists in Non-destructive Testing 
(A.1.D. Approved) 
Fully equipped Laboratories 
using the following methods:— 
* X-RAY 
(High- and lower-power sets avail- 
able) 
FLUORESCENT PENETRANT 
DYE-PENETRANT 
MAGNETIC 
Ex , highly qualified 
a. Fron ny Sealine 
Write, call or phone:— 
Spring Vale Works, Middleton, 
Manchester (Tel: Middleton 2427) 


oe 











GAMMA RADIOGRAPHY OF 
PIPELINES 


GAMMA AND 
X-RADIOGRAPHY OF TANKS 
AND PRESSURE VESSELS 


Weld examination to Lloyds, etc. 
Quick. efficient services available 
for work on site now. 


GAMMAX (LONDON) LTD., 
Cecil House, Wharfdale Road, 
London, N.1 
Telephone: TERminus 0677 and 6925 























THE ARDROX No. 996 


FLAW 
DETECTION KIT 


Using self spraying aerosol dispensers. 
A.1.D. approved process for all crack 
detection on welds bar and _ sheet. 


BRENT CHEMICAL PRODUCTS LTD 
COMMERCE ROAD, BRENTFORD, MIDDLESEX = Telephone: ISL 5444/5/6 











NON-DESTRUCTIVE TESTING 
LABORATORIES 
Vacuum, X-ray, Gamma-ray and other 
forms of Non-destructive Testing 





Our new building, specially designed 
and considerably enlarged (same 
address and telephone number), will 
offer the finest independent testing 
facilities in the country. 


INDUSTRIAL RADIOGRAPHY 
(N.D.T.) Ltd. 


360 Cricket Inn Road, Sheffield 2 
Telephone: SHEFFIELD 26630 
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| a STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 
FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 














ROUND and HEXAGON BAR 


% + Ot OF 


SOLID DRAWN TUBES—FABRICATED PIPES 


PROFILES CUT TO ANY THICKNESS OR SIZE 
CASTINGS TO CUSTOMERS SPECIFICATION 


Keen Prices — Prompt Delivery 


Send enquiries to Dept. N.P. 


STAINLESS STEEL PROFILE CUTTERS LTD. 


Farfac Works, — Grove, MAIDENHEAD. 


‘D. ‘phone 1522/23. 
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D. A. E. P. 


DOUBLE ACTING ENCLOSED WORM DRIVE PUMP 


Suitable for:—Boiler Feed, Seawater, Fuel oil and viscous fluids up to 3,500 sec. Redwood I. 


EFFICIENCY High Duty/Power Ratio 
TROUBLE-FREE 
1700 G.P.H./200 P.S.I. — 4 H.P. 
— LONG LIFE j= | 
57 G.P.H./ISO PSI. — i HP. WORM DRIVE l¢ 

ECONOMY Low current — requiring simple, inexpen- Suitable for all 

sive switchgear. climatic conditions 
SEPARATE individual gear box and pumping unit are Supplied to: 
UNITS bolted together. IRON, GUNMETAL or COCHRAN & CO. (ANNAN) LTD. 


DAVEY PAXMAN & CO. LTD. 
SPANNER BOILERS LTD., Etc. 


STAINLESS STEEL Pumps do not need the 
gear box in these expensive metals. 


Write for details to the manufacturers: 


RICHARD GROSVENOR & CO. LTD. 





53-54 VICTORIA ROAD, SURBITON, SURREY 
Telephone : Elmbridge 7709-1! 
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putting in out for YOu 


Without successful WELDING there can be no successful Nuclear 
Engineering. So why gamble? Call in the welding SPECIALISTS 
VANDYKE of HARLOW, for whom nothing is too much trouble. 


Recent contracts include welded fabrications for Winfrith Heath and Harwell. 






Full inspection facilities are available, of course, including vacuum testing and 


radiography. 





jor delivery, value and versatility 
PINNACLES HARLOW ESSEX HARLOW (Essex) 24652 (P.A.B.X.) 
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orowlng day by day... 





at Hunterston in Ayrshire, one of the world’s 
first full-scale nuclear power stations which 
will produce 320,000 kW for the South of 


Scotland Electricity Board. 


EEC. ATOMIC ENERGY GROUP 


AND SIMON-CARVES LTD 
HEADQUARTERS: THE GENERAL ELECTRIC CO. LTD. OF ENGLAND, ERITH. KENT 
393 





ea £2 ta 









